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RESEARCH MEMORANDUM

LIFT, DRAG, AND PITCHING MOMENT OF LOW-ASPECT-RATIO
WINGS AT SUBSONIC AND SUPERSONIC SPEEDS

By Charles F. Hall
SUMMARY

Resultse are presented of a coordinated investigation to evaluate the
1ift, drag, and pitching-moment characteristice of thin, low-aspect-ratio
wings in combination with a body. Wind-tunnel data were obtained in the
Mach number range from 0.25 to as high as 1.9.

The investigation of a series of 3-percent-thick triangular wings of
2, 3, and b4 aspect ratio showed that the lift-curve slope was predicted
satisfactorily by linearized theory except near & Mach number of unity
and over portions of the supersonic speed range. As predicted by linear-
ized theory, the aserodynamic center moved aft with increasing Mach number
at subsonic speeds, the over-all travel incressing with aspect ratio.,;~
The data indicated that, in general, it would be more accurate to calcu-
late the drag due to 1ift at supersonic speeds, assuming that the net
force due to engle of attack was normal to the wing chord than to use a
available theoreticael methods which consider leading-edge thrust. .

The investigation of a series of 3-percent-thick wings having swept-
back, unswept, and triangular plan forms of aspect ratios 2 and 3 showéd
that, as predicted by theory, the lift-curve slope decreased with incréas-
ing sweepback, but with increasing Mach number the effects of plan form
and aspect ratio on the lift-curve slope diminished and essentially '
vanished at the highest supersonic Mach number of the investigation. Tﬁé
over-all travel of the serodynamic center decreased with increasing swe#p.

The investigation of a series of triangular wings of aspect ratio 2
and thicknesses of 3, 5, and 8 percent showed that the wave drag was pro-
portional to the thickness ratio squared. The drag due to lift decreased
with increase in thickness ratio from 3 percent to 5 percent, the effect
being most pronounced at Mach numbers of 0.9 and below.

A series of wilngs was ilnvestigated to determine the effects of
thickness distribution. The results showed that, In general, wings with
sharp leading edges had & lower value of minimum drag at supersonic
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speeds above those estimated for attachment of the bow wave, and a higher
value at subsonic speeds than wings with round leasding edges. The effects
of airfoil section on the dreg due to 1lift were small, however.

The results showed that twisting and cambering a triangular wing of
aspect ratioc 2 reduced the drag coefficient at & 11ift coefficient sbove
O.1. BSuch benefits of camber and twist did not occur, however, if the
component of the free-~stream Mach number perpendicular to the leading edge
exceeded a value of approximately 0.T.

INTRODUCTION

In selecting a wing for a high-speed interceptor airplane, the
deslgner has the choice of a large variety of poseible shapes. Since an
intelligent selection requires a knowledge of the effects of the various
shape parameters on the aerodynamic characteristics of the wings, a pro-
gram to provide information was formulated st the Ames Laboratory in the
latter part of 1950. The purpose of this program was twofold: N

l. To investigate at Mach numbers from 0.25 to 1.9 the effects of
type of plan form, aspect ratio, thickness, thickness distribu-~
tion, and wing camber and twist for wing-body combinations.
Such combinations would be selected to minimize the effects of
other differences generslly present in a comparison of data
obtained from several facilities, such as body shape, body size,
and Reynolds number.

2. To provide data at supersonic speeds to fill the gap existing
between tests made at low Reynolds number over a range of angle
of attack in smsll wind tunnels and tests with rocket-powered
models made at high Reynolds number, but generally at zero 1ift.

When the program at the Ames Laboratory was first formulated, it was
realized that a considerable period of time would elapse before its com-
pletion because of the time required to construct and test the models.
Futhermore, it was desired to maintain a certaein amount of fluidity in
the program so that parts might be added to the program as it progressed.
Because of the time involved, it was decided to expedite publication of
the results by reporting the data obtained for each wing-body combination
immediately after testing. These reports (refs. 1 to 17) were brief and
no analysis of the data was attempted. The purpose of the present report
is therefore to compare and to analyze these data. The data will also be
used to ascertsin the adequacy of existing theoretical solutions in pre-
dicting the 1ift, drag, and pitching-moment characteristics of low-aspect-
ratio wing and body combinations.



NACA RM A53A30 “GAlRRRr 3

The large amount of data obtained during this program prevents a
presentation in graphical form of all the results. However, for the
interested reader, all the data are presented in tables I through XIX.

SYMBOLS

A aspect ratio
b wing span, in.
c dr drag
D ag coefficient,
CDmin minimum drag coefficient

1lift
Ct, 1ift coefficient, =5

deslgn 1ift coefficient

Lies
Cr & 1iPt coefficient at maximum lift-drag ratio
Ca pitching-moment coefficient, Eitch;gg moment
(The pitching moment is referred to the quarter point of the
wing mean aerodynamic chord.)
c local wing chord, in.
fb/2c£dy
(d mean serodynamic chord of wing,-i%7£————, in.
ST ay
0
e, section 1ift coefficient, 25E122 Lift
Cy root chord, in.

dC;/da  rate of change of 1ift coefficient with angle of attack at
zero 1ift, per deg

de/dm rate of change of downwash angle with angle of attack

dz/dx slope of the theoretical lifting surface, with respect to a
horizontal plane
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force on wing due to angle of attack, 1lb

v 1- m2<§osh'l X - MBY | cosh-i X+ BBY
o |By - mx| |BY + mx|

1ift, 1b
lift-drag ratio

maximum lift-drag ratio

length of body including portion removed to accommodate sting,
in.

free-gtream Mach number

cotangent of sweepback angle of leading edge of uniformly
loaded wing surface or sector

cot A
arbitrary positive integer

pressure difference between upper and lower surface of sector,
1b/sq £t

free-gtream dynamic pressure, lb/sq ft
Reynolds number bassed on the mean serodynamic chord of the wing
radius of body, in.
maximum radius of body, in.
wing area, sq ft
(The area is formed by extending the leading and trailing
edges to the plane of symmetry.)

spanwise distance from wing plane of symmetry to edge of wing,
in.

ratio of meximum wing thickness to wing chord
perturbation velocity in the x direction, ft/sec

perturbation velocity in the 2z direction, ft/sec



2]

NACA RM A53A30 <ol 5

X, ¥V, 2 Cartesian coordinates in streamwise, spanwise, and vertical
directions, respectively
(The origin is at the wing apex for dimensions referring to
wing and at nose of body for dimensions referring to body.)

o angle of attack of body axis, deg
B VL
e angle between the resultant force vector and the normal to

the wing chord, deg

A angle of sweepback of wing leading edge, deg
Subscripts

a constant-load solution for superimposed sector

u constant-load solution for entire wing surface

SELECTION OF MODELS

The geometric parameters which determine the serodynamic character-
istics of & wing are many and, in order to keep a research program within
reasongble limits, it is necessary to select carefully the range of var-
iables to be investigated. As & guide in planning the present program,
which was directed primarily to the investigetion of wings for high-
speed fighters, a study of current design trends and aenticipated devel-
opments for such airplanes was made. In the following paragraphs, a
discussion of the various factors influencing the selection of the models
will be given.

Wings

Aspect ratio.- For the unswept wings at supersonic speeds and, to
a lesser extent, for sweptback wings at Mach numbers above that at which
the component of the free-stream Mach number perpendicular to the leading
edge becomes sonic, the flow field over most of the wing is essentially
two-dimensional. In the region enclosed by the tip Mach cone, the effects
of tip shape are predominant. Varistion of aspect ratio for such wings
merely alters the extent of the wing subjected to the two-dimensional
flow, and it is possible to estimate with sufficient accuracy the effects

CQMNRET
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of aspect ratio from two-dimensional data when tip effects are knowm.
For triangular wings, however, the flow fleld over the entire wing
surface 1s affected by variation of aspect ratlo. Hence, in this pro-
gram, it was appropriate to lnvestigate the effects of aspect ratio on
wings of triangular plen form. Trlangular wings of aspect ratios 2, 3,
and 4 were investigated, therefore, in combination with a body and are
illustrated in sketch (a) for comparison. For this portion of the pro-

-<':/ C/ij S —

Sketch (a)

gram, the thickness of the wings was 3 percent, a thickness structurally
feagible and yet sufficiently small that thickness effects would not
obscure the effects of aspect ratio.

Type of plan form.- In the transonic speed range and at landing con-
ditions, plean form is an important parameter, particularly in regard to
its effect on the 1ift and pitching-moment characteristics. It was
therefore necegsary to include a series of wings of varying plan form to
investigate these effects. Again the wings were 3 percent thick and
were investigated in combination with & body as shown in sketch (b).

Aspect
ratio Triangular : Sweptback Unswept
2 - \\\\\\\Jﬁ] <=::::\\\\\_J‘:] - 1
3 Q\ Q\&ﬁ <\—/ ]

Sketch (b)
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The sweptback and unswept wings of aspect ratio 3 had the same taper
ratio in order to eliminate such effects from the comparison, and a value
of 0.4 was selected as representative of current design trends. A value
of unity was selected as the taper ratio for the unswept wing of aspect
ratio 2 since theoreticsl studies showed that such a wing had the highest
lift-curve slope at a given aspect ratio at supersonic speeds.

Thickness.~- An investigation of the effects of wing thickness in
the present program is of greatest interest for wings of small aspect
ratio since, as the aspect ratio increases, such effects can be more
easily estimated from the extensive theoretical and two-dimensional
experimental results. Such results are more applicable for unswept
wings, however, whereas the effects of thickness on triangular wings
are not as well known. It was decided, therefore, to investigate the
effects of thickness using a wing with a triengular plan form of aspect
ratio 2. The models for this portion of the investigation are shown
in sketch (c).

t/e = 0.03 t/e = 0.05 t/c = 0.08

=
N

(/4(
N

Type of profile.- The criteria for selecting the type of profile
were That it should cause the minimum wave drag and should be conducive
to a small value of drag due to 1ift. Avallable data indicated that
small wave drag at high supersonic speeds was generally aggociated with
sharp leading edges and a small velue of drag due to 1ift with rounded
leading edges. Hence, wings having leading edges supersonicl over much
of the supersonic speed range of the tests and for which the wave drag
might be sizable were designed with sharp leading edges. A 3-percent-

thick biconvex section was used. However, in order to ascertain the
penalty in wave drag due to round leading edges on such wings, the wings

Sketch (c)

1an edge is defined as subsonic or supersonic according to whether the
edge lies behind or shead of the free-stream Mach cone from the most
forward point on the edge.

CalbbRi i
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gshown in sketch (d) were also investigated with an elliptically shaped
section forward of the midchord. The coordinates for this latter section
are given in table XX.

A=2
— <::::<§§%%:3

gy x JN0. S
-
~
A
-

Sketch (4d)

A=2 A=3 A=14

Camber and twist.- In supersonic thin-airfoil theory for wings having
leading edges subsonic, an infinite suction associated with the 1ift on
the wing occurs along the leading edge which results in a force in the
thrust direction and a reduction in the drag dve to 1lift. In genersal,
experimental data have indicated that the full amount of leading-edge
thrust predicted theoretically is not realized with wings having subsonic
leading edges. A theoretical study by Jones in reference 18 showed,
however, that an effective leading~edge thrust could be obtalned in the
case of a sweptback wing by canbering and twisting the wing. A theoret-
ical study was made, therefore, of various types of camber and twist for
triangular wings, using as a basis that required for a uniform load dis-
tribution as given in reference 18.

The shape of the surface for a uniform load distribution requires
a large twist at the root section. The study showed that because of the
larger root chord of the triangular wing in comparison to those of the
sweptback wings treated in reference 18, the twilst at the root resulted
in a drag due to 1ift considerably greater than that indicated by theory
for a plane wing. The large twlst was assocliated with the last term In
the theoretical solution for the shape of the surface to produce a uni-
form load distribution, as given by

(EE B_@ [G(mu) _ 2-J?osp'l_3_ ] (1) “

ax /., - hrm,, [By|

whereas the camber near the leading edge which resulted in the effective

leading-edge thrust was more closely associated with the firast term.
Since the sbove expression was obtalned from a linearized-1ifting-

CONPIDING AR
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surface theory and, hence, the principal of superposition of solutions
was applicable, it was reasoned that it should be possible to derive
another camber and twist from the above expression by writing

dz _ (az\ |, (dz

ax ~ \&x ax /), (2)
The additional solution, <EE§ , must be of such a form as to cancel the

a

last term in equation (1) in order to eliminate the large twist at the
root and at the same time have little effect on the first term. The two
following solutions obtained from equation (1) and which met the require-
ment were studied:

<_<})z_)a o % [G—(ma) — 2 cosh™? ﬁﬂx?[] (3)

where
Ap
@ (%, .
and
%-%f%@‘ Lo econ® gl
where

G%L § n<% = (6)

A study of the load distribution resuliing from the camber and twist
derived from equations (1), (2), and (3) showed that the minimum value
of drag due to 1lift was obtained for mg = 5/8 m,, & value approximately
equal to that given by the theory for the plane wing. Hence, two
triangular wings, 5 percent thick, incorporating this camber and twist and
having aspect ratios of 2 and U4 were constructed. The wing of aspect
ratio 2 was designed for Cy, = 0.25 at M = 1.53; the wing of aspect ratio
4 was designed for C, = 0.35 at M = 1.15. The theoretical span load
distribution and the Trace of the surface and projection of the wing lead-
ing edge in a plane perpendicular to the flight direction are shown for
the wing of aspect ratio 2 at the design conditions in figure 1. Since
the surface is conical with respect to the wing apex, the surface trace
and leading-edge projection will be similar irrespective of the location

GO



10 S e NACA RM A53A30

of the plane along the x axis so that the entire surface 1s repre-
sented by this one plot.

Analysis of the span load distribution resulting from the camber
and twist derived from equations (1), (2), and (5) showed that, for a
value of n = 3, the distribution was nearly elliptical (see fig.2).
Thus, the drag due to 1ift would be expected to approach thet of a wing
with elliptical span load distribution, believed to be the optimum.
Furthermore, 1t was indicated from the trace of the surface in a plane
perpendicular to the flight direction that with minor modifications, the
surface would be planar over most of the wing and therefore simple to
consgtruct. These modifications, wherein the trace was first made linear
from the root to the 80-percent-semispan station and then sheared down-
ward in order to have the trace stralght across the inboard 80 percent
of the semispan, sre shown in figure 3. The effects of these modifica-
tions on the span load distribution cannot be determined from the linear
theory, but it 1s believed that they would be small for the wing in
combination with a fuselage In view of the fact that the principal
modification of the curved trace occurs in the region enclosed@ by the
fuselage. Two trianguler wings of aspect ratio 2 with 3- and S-percent
thickness were bullt incorporating the latter type of twist and camber.
Both wings were designed for Cp = 0.25 at M = 1.53. ”

For reference, sketches of the several cambered wings together with

the span load distribution and shape of the cambered surface are shown
in sketch (e).

A 4 4

Surface Shape — ™ E—
Spen. load
Distribution

Sketch (e)

SRNEIRENTE ..
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Body

The body used in conjunction with the various wings was that shown
by the theoretical study of reference 19 to have the minimum wave drag
for a given length and volume of body. Its shape can be expressed by
the equation for the radius of the body =as

r=ro[1-(l-§2]‘*’2 o

1

In the equation, the symbol 1 represents the length of the body
for complete closure at the aft end. The necessity for providing an
opening at the aft end of the body to accommodate the sting support
required that the actual body length be less. With the exception of the
bodies for the triangular wings of aspect ratio 4 with S5-percent thickness
(tables XV end XVI), the actual body length wes T9 percent of the length
for complete closure. In the cases of the two exceptiong, the actual
length was 84 percent of the length for complete closure.

For each wing-body combination investigated, the ratio of the max-
imum cross-sectional area of the body to the wing area was the same.
The value of this ratio was 0.0509. Also, the locstion of the inter-
section of the wing leading edge with the body was nearly the same for
all models. The intersection was between 34 and 38 percent of the
length 1.

Further information pertaining to the body, as well as a tabulation
of experimental datae for the body alone, obtained during the investigation
is given in table XIX.

Summsry of Models

The various wing and body combinations investigated In the program,
together with the number of the table in which the geometric and aero-
dynamic characteristics can be found, are summarized as follows:
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Table Type of Aspect | Taper Mean-surface
No. plan form ratio | ratio | Airfoil section shape
T Triangular 2 0 0003-63 Plane
II Triangular 3 0 0003-63 Plane
IIT Trisngular Ly 0 3% round nose Plane
IV Unswept 3.08 0.388 | 3% biconvex Plane
\i Sweptback 3 0.k 3% biconvex Plane
VI Rectangular 2 1 3% biconvex Plane
VIT Sweptback 2 0.33 3% biconvex Plane
VIIT Triasngular 2 0 0005-63 Plane
IX Triaengular 2 0 0008-63 Plane
X Triangular 4 0 3% biconvex Plane
XT Rectangular 2 1 3% round nose Plane
KIT Sweptback 2 0.33 3% round nose Plane
IXTTI Unswept 3.08 - | 0.388 | 3% round nose Plane
XIv Triangular 2 0 0005-63 Twisted and
cambered
XV Trisngular b 0 0005-63 Twisted and
cambered
XV Triangular L 0 0005-63 Plane
XVIT Triangular 2 o] 0003-63 Twisted and
cambered
XVIII Triangular 2 0 0005-63 Twisted and
cambered
X Body alone

THEORETICAL. METHODS

The experimental results of the present report will be compared
with available theoretical solutions. It is pertinent, therefore, to
devote a portion of this report to a discussion of the various methods
considered end their manner of application..

Lift-Curve Slope

Wing at subsonic speeds.- Three theoretical methods were considered
for estimating the lift-curve slope of low-aspect-ratio wings at subsonic
speeds; those of Weissinger (ref. 20), Lawrence (ref. 21), and Lomax and
Sluder (ref. 22). These three methods mey be considered as simplified
l1ifting-surface theories, the differences in the various solutlons result-
ing from the varying approximations and assumptions made in simplifying
the integral equation relating the velue of w in the z =0 plane to
the value of the jump in u across the wing surface in the z = 0 plane.’

RN TN
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the perturbation velocity in the chordwise direction is the same as that
for a wing of infinite aspect ratlo, and that the square of chordwise
distances msy be approximated by the semichord squared when compering
with the spanwise distances squared. The method of Lawrence agsumes that
the distribution of the perturbation veloclty in the spanwise direction
is the seme as that given by slender-wing theory, and that the square of
spanwise distances may be epproximated by the semispan squared when
compared with chordwise distances squared. In both cases, these simpli-
fications reduce the lifting-surface integral equation from one of two
variables to one of & single variasble. The method of Lomax and Sluder
also assumes that the spanwise velocity distribution is the same as that
given by slender-wing theory. No approximations are made for distances
on the wing. The equation is solved, in the case of the triangular wing,
by finding the average value of w along the span at a given chord
station and, in the case of the rectangular wing, by finding the value
of w along the x axis only.

Because of the assumptions made with regard to the perturbation
velocity distribution, it would seem that the Weissinger method is better
suited for high-aspect-ratio wings; whereas the other two methods are
better suited for low-aspect-ratio wings. However, Lawrence (ref. 21)
has shown that in the limiting case of low aspect ratio, the Weissinger
method agrees with the slender-wing theory of Jones (ref.23) and the
Lawrence method was designed to agree with two-dimensional results in the
limiting case of infinite aspect ratio. It also can be shown that the
Lomax and Sluder method agrees with two-dimensional results at infinite
aspect ratio., It is observed therefore that because of the similarity
of the three methods, it is not possible to assess readily theilr relative
merits for estimating the lift-curve slope of low-aspect-ratio wings at
gubsonic speeds by a study of the methods alone.

Results for the three methods just described are shown in figure b,
It will be noted that the Weissinger and Lawrence methods give the same
result in the range of aspect ratios of interest in this report. The
Tomax and Sluder method predicts a higher lift-curve slope, however.
Since the Weissinger method has been reduced to design-chart form for a
wide range of plan forms by DeYoung and Harper (ref. 24), this method
has been selected to compare and to correlate the experimental results
in the subsonic speed range.

Wing at supersonic speeds.- Exact solutions of the linearized

equation for inviscid compressible flow cen be found for determining

the load distribution of thin wings at supersonic speeds. These solu-
tions can be obtained from many sources, for example reference 25 for
the triengular wing, reference 26 for the sweptback wing, and reference
27 for the rectangular wing. However, for the rectangular and sweptback
wings, the solutions at supersonic speeds entall extensive computations
when the Mach lines from one tip intersect the opposite tip. In this
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speed range, spproximate solutions are more satisfactory. For rectangular
wings, the Lomax and Sluder method msy be used. As shown in figure 4,
this method gives results in satisfactory agreement with the Weissinger
results at sonic speed and with the exact solutions at Mach numbers above
those for which the tip Mach lines intersect the opposlte tip. This con-
dition occurs when BA is greater than unity. With reference to swept-
back wings, a method for estimating 1ift and 1ift distribution for the
supersonic speed regime near a Mach number of 1.0 is given by Lomax and
Heaslet (ref. 28). It can therefore be seen that no difficulty arises

in the selection of theoretical solutions for use at supersonic speeds.
The sources of the solutions used in this report are those previously
listed and, in addition, the graphs of reference 29.

Wing-body interference.- The experimental results presented herein
are principally for wing and body combinations. For a valid comparison
between such results and theoretical solutions, account must be made in
the theoretical calculations of the interference effects of the wing and
body. The method of Nielsen and Kaattari (ref. 30) for estimating 1ift
interference of wing-body combinations at supersonic speeds was used.

In this method, the 1ift of the combination is obtained by finding the
1ift on the body in the presence of the wing and the 1ift of the wing in
the presence of the body. The 1ift on the wing, as well as the lift on
the body for wings of small aspect ratio, is found to be determined best
by the slender-body theory. For bodies in combination with wings of
higher aspect ratio, a procedure is developed which is based on the
assumption that the influence of the wing 1ift on the body pressure field
occurs only in that region enclosed by the Mach lines originating at the
leading and trailing edges of the wing-body juncture. Tip effects are not
congidered. For the aspect ratios for which these solutions are appli-
cable, however, the tip effects on the 1ift interference are either small
or mey vanish if the body does not extend any considerable distance down-
stream of the wing trailing edge. ’

It should be mentioned that for the wing-body combinations discussed
herein, the net effect of the wing-body interference, as given by ref-
erence 30, 1s small. The effects range from approximstely a 4-percent
reduction in 1ift for the triangular wing of aspect ratio 2 to an 8-
percent increase in 1lift for the rectangular wing of aspect ratio 2.

Aerodynamic Center

Wing alone.~ In the case of the triangular wing, the position of the
aerodynamic center for the wing alone is quite easily obtained. At super-
sonic speeds, exact methods show the aerodynamic center to be fixed at the
midpoint of the mesn aserodynamic chord. At subsonic speeds, the three
theoretical methods previously considered in connection with the 1ift

CRNETEE—..
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of low-aspect-ratio wings also present methods for predicting the location
of the aerodynamic center of the wing. It is therefore necessary agaln to
consider the approximations used in the several methods in order to select
the method believed to be the best suited for the estimation of this
characteristic.

In the Weissinger method, the chordwise distribution of load is
approximated by sssuming it to have the same shape as that for a wing of
infinite aspect ratio in order to solve the integral equation obtained
from the lifting-surface theory. This approximation automatically
restricts the location of the aerodynamic center to a point on the
quarter-chord line of the wing. The serodynamic center with respect to
the mean aerodynamic chord is then obtained by calculating the chordwise
projection of the distance along the quarter-chord line from the mean
aerodynamic chord to the spanwise location of the aerodynamic center.

It can be seen, therefore, that such a procedure cannot account for the
important effects of Mach number on the chordwise position of the aero-
dynamic center of low-aspect-ratio wings. Because of this restriction,
the method is not considered suitable for the estimation of the aero-

dynamic center of low-aspect-ratio wings at high subsonic Mach numbers.

In contrast to the Weissinger method, the methods of Lawrence and
of Lomex and Sluder determine the chordwise distribution of load from
their solutions of the integral equation obtained from the lifting-
surface theory. These methods may be in error because of the approxi-
mation made that the spanwise load distribution is elliptical. However,
possible differences in the span load distribution from the assumed
elliptical load will have only & small effect on the chordwise location
of the aerodynamic center. Thus, in these two methods, the aerodynamic
center is based primarily on the solution of the lifting-surface theory
and only to a minor extent on the assumptions used in obtaining the
solutions. This circumstance leads to the conclusion that either of
these methods is better suited to the estimation of the aerodynamic center
of low-aspect-ratio wings than the Weissinger method.

A comparison of the location of the aerodynamic center for triangular
and rectangular wings, as determined by the three methods, is shown in
figure 5. The curves show, as might be expected from the previous dis-
cussions, that the methods of Lawrence and of Lomax and Sluder give
gimilar results and that these results are considerably different from
those determined by the Weissinger method. In the present report the
Lomex and Sluder method has been selected because it has been extended
to include the characteristics of the triangular and rectangular wings
at supersonic speeds also.

For wings having plan forms other than triangular or rectangular,
the aerodynamic center at supersonic speeds can be calculated by applying
the results given in any of the references previously mentioned in
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connection with the lift-curve slope in this speed range. Such results
have been obtained from exact solutions of the linearized equation for
inviscid compressible flow and are therefore correct within the limita-
tions of the theory. For the theoretical results presented herein, the
methods of reference 31 have been used.

The methods of Lawrence and Lomax and Sluder have not been extended,
as yet, to permit the calculation of the aerodynamic center at subsonic
speeds for wings having plan forms other than triangular and rectangular.
Also, 1n view of the previous discusslon concerning the Weissinger method,
there is some question as to its applicability for wings of smell aspect
ratio near a Mach number of unity. Hence, no theoretical results were
computed for the aerodynamic center for wings having other than triangular
or rectangular plan forms at subsonic speeds.

Wing-body interference.- As in the case of lift-curve slope, it is
necegsary to consider the effects of wing-body interference in calculating
the aerodynamic center. Such effects have been treated in reference 32,
which is an extension of the aforementioned Nielsen and Kasatteri method
(ref. 30) to the case of wing-body interference on the aerodynamic center.

In reference 32, it was shown that, in general, the serodynamic
center determined theoretically was behind that determined experimentally
for a wide range of missile-type wing and body combinations. It was
recommended, therefore, that an empirical factor be used to adjust the
theoretical results. This recommendation, however, is based mainly on
results for wing and body combinations in which the wing was small with
regspect to the body. There is some doubt as to whether the empirical
factor would also apply to the cases treated herein, in which the wing
is large with respect to the body, and therefore has not been used in
the calculated results presgented herein.

Dreag

It is customary generally to divide the drag of a wing-body combins-
tion into two parts. One part 1s considered to be independent of the
11ift on the wing and is the result of viscous forces on the wing and body
and, in addition, at supersonic speeds, the result of pressure or thick-
ness drag. The second part of the drag is sssociated with the 1ift on
the wing and body.

The estimation of that portion of the drag independent of 1ift is
difficult and the methods availeble are not entirely satisfactory. To
determine the viscous forces, it is necessary to ascertain the character-
igtics of the boundary layer on the surface. Often, it is assumed that
the boundary layer on the wing is the same as on a flat plate of identical
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plan form, end an estimation is made of the location of the region of
transition from laminar to turbulent boundsry-leyer flow in order to
calculate the viscous forces. For the purposes of this report, such

a method would be unsatisfactory since it is dependent to such a great
extent on an initlal assumption. The comparison would offer no means

of assessing the accuracy of the method. Furthermore, at supersonic
speeds, the theory for determining the wave drag has been concerned
mainly with sharp-nose airfoils. A method has been developed for round-
nose wings (ref. 33) but is unsuited for wings having arbitrary profiles.
Because of these limitations, no theoretical results for the drag at zero
1ift have been included herein.

The drag due to 1lift can be treated by thin-alrfoil theory if it is
considered independent of viscous forces and wing profile. In the theory,
the drag due to 1ift can be subdivided into a force in the thrust direc-
tion assoclated with an infinite suction pressure acting along the leading
edge of the wing and a force in the drag direction associated with the
streamwise component of the normal force on the wing. A discussion of
the concept of leading-edge thrust, in the case of incompressible flow,
is given in reference 34 and it is shown thet for a flat plate of infinite
aspect ratlio, the thrust is exactly equal to the streamwise component of
the normal force and i1s determined wholly by the velocity distribution in
the immediate neighborhood of the leading edge. Similarly, for a wing of
finite aspect ratio, the leading-edge thrust at each section of the wing
can be related to the velocity distribution near the leading edge of the
section., If the velocity distribution near the leading edge of the wing
of finite aspect ratio is the same as that for the wing of infinite aspect
ratio, an assumption used in the Weissinger method, the leading-edge
suction at each section of the wing wlll be the same ss that for the wing
of infinite aspect ratio having the same 1ift as the section. The stream-
wise component of the normal force 1s greater for the wing of finite
aspect ratio than that for the wing of infinite aspeet ratio, however,
since the angle of atteck must be larger to counterbalance the loss of
11ft associated with the finite span. There results, therefore, a net
force in the drag direction generally called induced drag. It can be
seen, however, that the drag due to 1ift may not only be composed of this
induced drag but also & drag resulting from a loss of leading-edge thrust
as well. The preceding concepts are based on subsonic thin-airfoil theory.
However, 1in a similar menner, the supersonic thin-airfoil theory shows
that a suction force along the leading edge is possible if the distribu-
tion of velocity near the leading edge is similar to that at subsonic
speeds. Such a distribution occurs when the leading edge is swept behind
the free-stream Mach lines originating at the wing apex. As at subsonic
speeds, the streamwise component of the normal force is greater than the
suction force, resulting in a net force in the drag direction.




18 * SRR NACA RM A53A30

In the present report, the drag due to 1ift for the plane wings will
be considered in terms of the inclination of the force due to angle of
attack? with respect to the normal to the chord as shown in sketch (f).
This approech was selected because of its close
assoclation with the manner in which the drag forces
arise on the wing, as discussed previously. Thus,

¢ the baslic concepts underlying the method are of egual
applicability at both subsonic and supersonic speeds.
The method has an sdvantage in that the results can
be obtained with accuracy and ease from the normal
and chord force measuremente taken during the inves-

Sketch (f) tigation.

F

The angle of inclination of the force F is dependent on both the
normal force and the leading-edge thrust and, for smsll values, 1s egqual
to the ratio of the leading-edge thrust to the normel force. Since in
the thin airfoil theory for plane wings these quantities are proportional
to the second and first powers of the angle of attack, respectively, 6
is also proportional to the angle of attack. Thus the rate of change of
@ with o 1s constant. Experimental resulis, in general, also show that
for plane wings at small angles of attack, the rate of change of 8 with
o 1is constant. For such results, the normal force usually agrees satis-
factorily with theoretical results. Thus a comparison of the experimental
and theoretical values of the ratio, 6/@,8 will show, principally, the
extent to which the chordwise force on the wing approaches the theoretical
value for full leading-edge thrust.

In figure 6, the values of the ratio are shown for triangular and
rectangular wings at both subsonic and supersonic speeds. These results
are for the wings having the full leading-edge thrust predicted by the
theory. Furthermore, in order to simplify the calculations for subsonic
speeds, 1t has been assumed that the span load distribution is elliptical
since the value of the drag due to 1lift for a wing with such a distribu-
tion and having full leading-edge thrust is well known. Since the effect
of the deviation from such a digtribution on the drag due to 1li1ft for
most wings is small, this assumption will have little effect on the
significance of 6/q. At supersonlc speeds, the ratio was determined
using the expression given in reference 25 for the drag due to 1ift.

2The force due to angle of attack is the force on the wing at angle of
attack less the force at zero 1lift.

3The ratio 6/a can replace the rate of change of 8 with @ because
for plane wings, 8 = 0 at a« = Q.
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EXPERIMENTAT, PROCEDURE

Facilities

Most of the experimental results presented herein were obtained in
three facilities at the Ames Aeronasutical Leboratory. At Mach numbers
of 0.6 and less, the wings were investigated in the Ames 12-foot wind
tunnel only. At Mach numbers of 1.2 and above, data were obtained in the
Ames 6- by 6-foot wind tunnel only. Between these two ranges of Mach
numbers, some of the wings were tested in both of these facilities and
on the 16-foot wind-tunnel bump as well. In addition, during the cal-
ibration period of a 2- by 2-foot transonic wind tunnel, the unswept
wing of aspect ratio 3 was investigated in the Mach number range from
0.6 to 1.35 and these data are included herein.

Reduction of Data

A complete discussion of the methods used in reduecing the wind-
tunnel data to coefficient form and the various corrections applied to
the results will be found in any of references 1 to 17. Therefore, only
a brief summary of the methods will be presented herein.

The data obtained in both the Ames 12-foot wind tunnel and the
6- by 6-foot supersonic wind tunnel have been corrected for the following
factors:

1. TInduced effects of the tunnel walls at subsonic speed resulting
from 1ift on the model.

2. The change in the alrspeed in the vicinity of the model at sub-
gonic speed resulting from the constriction of the flow by the
walls.

3. The pressure at the base of the model being different from that
for g full-scale airplane as the result of support lnterference
as well as other unknown effects on the base pressure. To
partially account for these effects, the drag coefficient was
adjusted to correspond to that in which the base pressure would
be equal to the free-stream static pressure.

Data obtained in the 6- by 6-foot wind tunnel and presented herein
were corrected for the longitudinal force on the model due to streamwise
variation of the static pressure as measured in the empty test section.
Thig correction was not applied to the subsonic data as presented in
references 1 to 16 because of the lack of a complete static-pressure
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gurvey of the tunnel at the time of publication. The correction amounts
to as much as 0.0010 &t & Mach number of 0.93. The data oObtained in the
6- by 6-foot wind tunnel also indicated nonuniformities of the airstream
in the plane of pitch equivalent to a stream angle of as much as 0.10°

for some of the models. The data presented herein have not been cdorrected
for this effect.

Data presented herein which were obtained on the 16-foot wind-tunnel
bump and in the 2« by 2-foot transonic wind tunnel have had no corrections
applied.

RESULTS AND DISCUSSION

In portions of the Mach number range of the program discussed herein,
some of the wings were tested In several facllities so that a choice of
data for graphlcal presentation was possible., The general procedure has
been to show the lift-curve slope and aerodynamic-center characteristics
as determined 1n all facilitles. However, in showlng the variation of
1lift wilth angle of attack or of pitching moment with 1ift, results from
only one facillity have been used in order to avoid congestion of the fig-
ure, the facllity being chosen wherein the most complete investigation
Tor the particular series of wings under discussion was made. The drag
characteristics shown for the various wings at high subsonic speeds were
obtained from tests in the 6- by 6-foot wind tunnel only, because the
Reynolds number of the tests 1n that facility was considerably larger
than for corresponding tests in the 12-foot wind tunnel, and because the
wings investigated in the 16-foot wind tunnel did not have a body in
combination.

With regard to the Reynolds number for the data presented graphicelly
herein, the general procedure has been to present data at the highest
Reynolds numbers for which complete data were obitained throughout the Mach
number range presented. However, for the 1lift and pitching-moment charac-
teristics at high angle of attack, it has been necessary to use resulis
obtalned at the lowest Reynolds number in order that a large range of
angles of attack could be presented. Thls condition arlses since the 1lift
on the models was restricted because of strength limitations.

All data obtained in the 6~ by 6-foot and 12-foot wind tunnels and
discussed herein are presented in tables I to XIX.

Effects of Aspect Ratio

The effects of aspect ratio on trianguler wings were studied through
experiments on three wings of aspect ratios 2, 3, and 4. All wings were
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3-percent-thick, NACA 0003-63 sections (streamwise) being used for the
wings of aspect ratios 2 and 3. The section profile of the wing of
aspect ratio 4 was obtained by joining a semiellipse forward of the
50-percent-chord station with a semibiconvex section aft. Further infor-
mation pertaining to the geometric characteristics of these wing-body
combinations, as well as a tabulation of the experimental data obtained
during the investigation can be found in tebles I, II, and III.

Lift-curve slope.- The discussion of the 1ift characteristics of
these wings will be directed first to the angle-of-attack range near
zero 1ift, wherein the variation of 1ift with angle of attack was linear.
A later section will present the characteristics at high angles of
attack. In figure T, experimental lift-curve slopes as influenced by
aspect ratio for triengular wings are shown for Mach numbers between
0.25 and 1.7, and the results are compared with theoretical estimates.

The experimental results of figure 7 show a sizable effect of aspect
ratio on the lift-curve slope of triangular wings, an increase in aspect
ratio causing an increase in lift-curve slope through the Mach number
range of these tests. Although the effect of aspect ratioc as determined
in each facility was nearly identical, the lift-curve slopes measured in
the 6- by 6-foot wind tunnel between Mach numbers of 0.60 and 0.93 were
somewhat larger than those obtained in the other two facilities. The
cause of this difference is not known. A possible explanation is the
fact that the effective Reynolds number for the data obtained in the
6- by 6-foot wind tunnel was considersbly higher than that in the other
two wind tunnels because of the greater turbulence in the air stream.4

The results of figure 7 indicate that the linearized theory predicted
satisfactorily the effects of aspect ratio and Mach number on the 1ift-
curve slopes over much of the subsonic speed range. However, at Mach
numbers ranging about 1.0, the extent of the range depending on the
aspect ratio, the agreement was less satisfactory. At a Mach number

“A similar difference in lift-curve slope occurred for all wings inves-
tigated during this program in the 12-foot and 6- by 6-foot wind

tunnels at a Mach number of 0.6, even when the nominal Reynolds numbers
were the same. In general, the difference was greater for wings with
round leading edges than for those with sharp leading edges. The dif-
ference also decreased with increasing Mach number in the two cases
where the same model was tested up to a Mach number of spproximately
0.9 in each facility. These two facts are in agreement with the pos-
sible explanation of the difference. A sharp leading edge would promote

premature transition and increased turbulence in the boundary layer, thus
causing the results for such wings to be less influenced by chenge in

effective Reynolds number, and with increasing Mach number the effects
of Reynolds number would become secondary to the effects of
compressibility.
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near 1.0, the sgreement became progressively worse with 1lncreasing aspect
ratio. Results obtained from the investigation of the triangular wing
of aspect ratio 4 with the NACA 0005-63 section up to Mach numbers of
0.96 have further established this trend (ref. 3 and teble XVI). The
disagreement between theory and experiment is believed attributsble to
second-order effects of the velocities induced by the wing thickness and
1ift and the possibility of shock formation in the transonic speed range.

The lack of agreement between theory and experiment in the super-
sonic speed range may alsc be considered a transonic-flow effect in that
the poor amgreement occurred when the component of the free-stream Mach
number perpendicular to the leading edge, M cos A, became sonic. For
the triangular wings of aspect ratios 2, 3, and 4, the values of the
free-stream Mach numbers at M cos A = 1.0 are 2.25, 1.67, and 1.41,
respectively. At the latter two Mach numbers, for which results are
shown in figure 7, the lift-curve slopes for the corresponding triasnguler
wings were approximstely 10 percent below those predicted by the theoret-
ical methods. A similar effeect has been observed in other investigations
of triangulaer wings. In reference 35, the lift-curve slopes for a series
of flat-plate triangular wings tested at a Mach number of 1.92 were slso
approximately 10 percent less than predicted by theory when M cos A was
equal to 1.0. This lack of agreement between experimental and theoret-
ical results in the Mach number range near M cos A = 1.0 1is not sur-
prising in view of the pressure measurements made on a triangular wing
of aspect ratioc 4 at supersonic speeds (ref. 36). These results showed
that in this apparent transonic range for the triangular wing, the
pressure distributions along transverse sections of the wing resembled
closely those occurring on two-dimensional airfolils at transonic speeds,
in that shock waves oblique to the free stream and pressure dlscontinu-
ities occurred in a fashion simller to the two-dimensionel transonic
results. Furthermore, the results indicated that the presence of a
detached bow wave caused slgnificant differences between the experimental
and theoretical pressure distributions near the leading edge at Mach
numbers corresponding to values of M cos A greater than 1.0, and it
was surmised that the agreement between experimental and theoretical
results would improve as the Mach number increased and the bow wave
gpproached attachment. Such an effect was evident in the results for
the triangular wing of aspect ratio 4 in figure 7.

The results of figure T were obtained at the highest Reynolds number
possible in each facility for the Mach number range tested. For the
wings of aspect ratios 2, 3, and 4, results obtained in the 6- by 6-foot
wind tunnel are at Reynolds numbers of 7.5, 4.8, and 4.2 millions,
respectively, and results from the 12~foot wind tunnel are at Reynolds
numbers of 4.9, 3.1, and 2.7 millions, respectively. The Reynolds numbers
for results obtained on the 16-foot wind-tunnel bump were not constant
but increased with Mach number from approximately 2.1 to 2.8 millions.

The effects of Reynolds number were investigated in the 6- by 6-foot wind
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tunnel through the Mach number range of that facllity and for a range

of Reynolds numbers commencing at approximstely one third of that for
the results of figure 7. In the 12-foot wind tunnel the effect of
Reynolds number was investigated at a Mach number of 0.25 only, and

the range extends from that for the results of figure T to approximately
3-1/2 times that value. In these ranges of Reynolds and Mach numbers,
no significant effect of change in Reynolds number was evident in the
slope of the 1lift curve through zero 1ift. (See tebulated data.)

Lift at sngle of attack.- The experimental and theoretical values
of the 1lift-curve slope previously discussed may not be applicable over
wide ranges of 1ift coefficient if the variation of 1ift with angle of
attack is nonlinear. It is therefore necessary to examine the 1lift
curve, and in figure 8 a comparison of 1lift at angle of attack for the
three trianguler wings is shown. Results are shown at two subsonic and
one supersonic Mach number to indicate typical effects of aspect ratio.
The results of figure 8 are for a lower Reynolds number than those of
figure 7. However, in the ranges of Reynolds numbers and Mach numbers
investigated in each facility, no significant effect of change in
Reynolds number was evident in the 1ift characteristics up to 1ift
coefficients of approximately 0.5, the limit for which s comparison
could be made.

The results of figure 8 show a nonlinear variation of 1ift with
angle of attack for the triangular wings of aspect ratios 2, 3, and b,
throughout the Mach number range. Thus there was a limit in 1ift coef-
ficient to which the theoretical lift-curve slope at zero 1llft could be
used to estimate the lift characteristics at angle of attack.

The results of figure 8 show that the departure from linearity of
the variation of 1lift with angle of attack was different at subsonic and
supersonic speeds. For example, at a Mach number of 0.25 the variation
of 1ift with angle of attack increased with angle of attack for the wing
of aspect ratio 2, whereas the opposite effect was noted for the wing of
aspect ratio 4. In fact, at a high angle of attack the 1ift of the aspect
ratio 2 wing was greater than that of the wing of aspect ratio L, although
at zero 1lift the variation of 1ift with angle of attack of the former
wing was only about 65 percent as great as that for the latter wing. At
a Mach number of 0.9, trends similar to those at & Mach number of 0.25
are noted. However, the data are limited in 1ift coefficient so that the
characteristics near maximum 1ift are not known. On the other hand, at
supersonic Mach numbers the nonlinear behavior of 1lift with engle of
attack was essentially the same for the three wings.

Aerodynamic center.- The aerodynamic centers for the three triangular
wings are compared with the theoretical solutions over the Mach number
range of the program in figure 9. The Reynolds numbers of these data are
the same as those for figure 7 and listed previously in the discussion
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of lift-curve slope. The experimental aserodynamic center was determined
from the change in pltching moment with 1i1ft near zero 1lift.

The results shown in figure 9 have been obtained from three different
facilities at the Ames Laboratory and, as with lift-curve slope, small
discrepancies existed among the several sets of results. The largest
discrepancy occurred between results obtained in the Ames 16-foot wind
tunnel and those obtained in the 12-foot and 6- by 6-foot wind tunnels.
This discrepancy was probably the result of wing-body interference,
since the data obtained in the 16-foot wind tunnel were for a wing alone,
whereas the other data were for a wing and body combination.

The results of flgure 9 show satisfactory agreement between the
experimental and theoretical results at supersonic speeds. The forward
movement of the aerodynemic center with increasing aspect ratio and Mach
number was caused by wing-body interference. Such effects are seen to be
very small for the triangular wing and body c¢ombinations under discussion.
The theoretical results were adjusted for these effects of wing-body
interference by the methods of reference 32.

At subsonic speeds, the agreement between the experimental and
theoretical results is also seen to be quite good. It will be recalled
that the effects of wing-body interference have not been accounted for
in the theoretical results at subsonic speeds. The net effects of wing-
body interference are probably small for these triangulesr wing and body
combinations, as judged by the small differéences between the experimental
results for wing and body combinations and those for the wing alone, so
that the theoretical results would probably not be affected significantly
by the inclusion of such effects.

The results of figure 9 show that the rearward movement of the
aerodynamic center with increassing Mach number in the subsonic range
became considersbly larger as the aspect ratio wes increased. It is
interesting to note, however, that these data are based on the length
of the wing mean aerodynamic chord, a length which decreases with increas-
ing aspect ratio. If the wing area were the same for these triangular
wings, the actual rearward travel of the aerodynamic center would have
been nearly the same in each case. Thus the serodynamic~center travel
for the trianguler wing of aspect ratio 4 would be only 1k percent greater
then that for the wing of aspect ratio 2, in contrast to = flgure of
61 percent when the aerodynamic-center travel is expressed in terms of
the mean aerodynsmic chord. This fact would have significance, for
example, in comparing the effect of chenge in wing aspect ratio on the
stabllity characteristics of an airplane in which the tail length might
be fixed from other considerations. Other factors remaining equal, such
a comparigson would show little effect of aspect ratio on the change in
stabllity of the airplane with increasing Mach number.

ISR
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Pitching moment at angle of attack.- The aerodynamic center, as
determined near zero 1ift and discussed previously, has significance only
if the variation of pltching moment with 1ift is nearly linear. It is
therefore necessary to examine the pitching-moment characteristics at
angle of attack for the triangular wings, and such data are presented in
figure 10.

These data show that at a Mach number of 1.53, the variation of
pitching moment with 1ift was nearly linear throughout the range of 1ift

coefficients investigated. Thils characteristic was typical of the data
obtained at Mach numbers from 1.2 to 1.7, the supersonic portion of the
range investigated in this program. Thus the aerodynamic center deter-
mined near zerc 1ift, and hence the results obtained from the theory, may
be used satisfactorily for the stability characteristics of the trilangu-
lar wings over a wide range of 1ift coefficlent at supersonic speeds.

Similar characteristics did not occur at subsonic speeds, the
results at a Mach number of 0.25 being extremely nonlinear, particularly
in the case of the triangular wing of aspect ratio 4. Thus the aero-
dynamic center determined near zero 1ift and, hence, the results obtained
from the theory are not usable as a measure of the stability of these
triangular wing and body combinations sbove a 1ift coefficient of approx-
imately 0.2 at subsonlic speeds. The cause of this nonlinear variation
of pitching moment with 1ift has been shown in references 37 and 38 %o
be flow separstion which occurs first near the tip of the wing and moves
inboard with increasing angle of attack.

From an inspection of the data in figure 10 at a Mach number of
0.25, it would appear that the stability characteristics of the triangu-
lar wing of aspect ratio 4 were considerably inferior to those of the
wing of aspect ratio 2. For the former wing, there was a sizable
decrease in stability with increasing 1lift coefficient to approximately
0.6 and an extreme increase in stability at higher 1ift coefficients.
However, 1t was shown in reference 39 that a trianguler wing of aspect
ratio 4 required a horizontal tail to provide satisfactory damping-in-~
piltch characteristice at transonic speeds, whereas the characteristics
of the trianguler wing of aspect ratio 2 alone were satisfactory. This
fact must be considered, therefore, in evaluating the effects of aspect
ratio on the stability characteristics at low speeds. In reference 38
it was shown that proper location of a horizontal tail behind a triangu-
lar wing of aspect ratio LI eliminated the decrease in stebility at low
1ift coefficients and reduced the increase in stability at high 1ift
coefficients exhibited by the wing alone. The resultant characteristics
compared favorably then with the triangular wing of aspect ratic 2 alone
or in combination with a taill (ref.ho).

Minimum drag coefficient.- The effects of aspect ratio on the minimum
drag coefficient of triangular wihgs are sghown in figure 11. Only data
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at the highest Reynolds number cobtained for each wing during the investi-
gation have been included in this figure because of the sizable effects
of Reynolds number on the minimum drag coefficient. Also at the highest
Reynolds number, the drag force is largest so that the balance is working
at more nearly the design 1%ad, resulting in greatest accuracy. The
Reynolds numbers for the triangular wings of aspect ratios 2, 3, and k4
were 16.6, 10.6, and 9.1 millions, respectively, at a Mach number of 0.25
and 7.5, 4.8 and 4.2 millions, respectively, at Mach numbers of 0.6 and
above.

For the triangular wings of aspect ratios 2 and 3, the significant
effects of Reynolds number were confined principally to the range of 1ift
coefficients between -0.05 and +0.05. In this range of 1lift coefficients
at Reynolds numbers less than those of figure 11, the variation of drag
with lift resembled that for the NACA 6-series airfoil in the region of
low drag. {See ref. U4l.) However, the data at the Reynolds numbers
shown in figure 11 did not exhibit this characteristic. Thus the minimum
dreg coefficient at a Reynolds number of approximately one third that of
figure 11 was as much a&s 0.001l5 less than that at the highest Reynolds
number, whereas at 1ift coefficients outside the low drag range, the
effects of Reynolds number on the drag coefficient were negligible.

For the triengular wing of aspect ratio 4, the effects of Reynolds
number on the drag at low 1ift were also significent. However, in con-
trast to the results for the lower-aspect-ratio wings, the drag coeffi-
clent showed no gbrupt increase with 1ift coefficient at the lower
Reynolds number but increased gradually and became contiguous with the
results for the highest Reynolds number at 1lift coefficients which varied
irregularly with the Mach number but were less than O.4. The largest
increase in minimum drag coefficient with incressing Reynolds number from
1.6 x 108 to 4.2 X 108 occurred at & Mach number of 1.6 and was approxi-
mately 0.0015. These effects of Reynolds number on the minimum drag
coefficient varied irregulerly with Mach number; the general trend,
however, was as described. o

The variation with Mach number of the wave drag of a sharp-nose tri-
angular wing, as determined by linear theory (ref.42), shows large dis-
continuities in slope as the Mach number is varied in the range where the
leading edge becomes supersonic. To the extent of the data shown in
figure 11, there are no indications of these discontinuities. For the
triangular wings of aspect ratios 3 and 4, the leading edges become
supersonic at Mach numbers of 1.67 and 1.41, respectively. Although the
results of figure 11 are for round-nose triangular wings, results from
tests of a sharp-nose ailrfoll to be discussed in a subsequent section
have indicated a similar characteristic. Also, in reference 35 the
results from tests of a serles of 11 sharp-nose triangular wings of
aspect ratios from 0.70 to 4.023 and 8 percent thick have shown essen- .
tially a linear variation of minimum drag coefficient with Mach number
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in this range. These results therefore indicate that the existing
linearized theory is inadequate for predicting the wave drag of trian-
gular wings. This deficiency of the linearized theory is believed to
be due to the fact that the effect of the detached bow wave at Mach
numbers in the region where the leading edge becomes supersonic is not
considered by the theory.

The results of figure 11 show that in the subsonic speed range the
minimum drag coefficient for the triangular wings varied with aspect
ratio. At a Mach number of 0.25, the minimum drag coefficient increased
with aspect ratio. This characteristic is bellieved to be due to the
fact that with increasing aspect ratio a smaller portion of the wing was
enclosed within the body, resulting in an lncresse in the exposed surface
area and the gkin-friction drag. At subsonic Mach numbers above 0.6, the
variation of minimum drag coefficient with aspect ratio was irregular,
that for the triangular wing of aspect ratlo 3 being roughly 0.001 less
than those for the wings of aspect ratios 2 and 4. The cause of this
variation is not known but may possibly be due to differences in the
skin-friction drag.

The variation of minimum drag coefficient with aspect ratio at
supersonic speeds was due primarily to the effect of aspect ratio on the
wave drag of these triangular wings. The results indicate that this
effect was largest as the aspect ratio increased from 3 to 4. It should
be pointed out, however, that possible differences in the surface con-
dition of the wings previously mentioned in comnection with the variation
of minimum drag coefficient at high subsonic speeds may also affect the
drag coefficient at supersonic speeds. Thus, if the datae were adjusted
s0 that the minimum drag coefficlent for the three wings would be
approximately the same between Mach numbers of 0.6 and 0.9, the results
would indicate a nearly linear increase in minimum drag coefficient with
increasing aspect ratio. Such a characteristlic is in agreement with
the results shown in references 35 and L43. It would appear, therefore,
that the increment of minimum drag coefficient between that at Mach num-
bers up toc 0.9 and that at Mach numbers above 1.2 shown in filgure 11
wag correct for the triangular wings investigated. The skin-friction
drag coefficient for the wing of aspect ratio 3 at Mach numbers of 0.6
and gbove, however, may be as much as 0.001 less than that for the wings
of aspect ratios 2 and 4, due to differences in the surface conditions
of the wings.

Drag due to lift.- The drag due to 1ift is & function of the 1lift of
the wing, the lift-curve slope, and the relative inclination of the force
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vector, as indicated in the following expression® for the drag coefficient
due to 1ift:

1-(8
p - Copyp = dCL(da.m) 0L® (8)

Since the 11ft chsracteristics of these triangular wings have been pre-
sented previously, the present sections will be concerned primarily with
the inclination of the force vector.

The effects of aspect ratio on the ratio of the angle between the
force vector end the normal to the wing chord, 8, to the angle of attack,
o, are shown in figure 12, The experimental date presented are for the
highest Reynolds number obtained for each wing during the investigation.
The Reynolds numbers for these data are the same as those of figure 11,

In general, an increase in Reynolds number within the limits of the
present test caused a small increase in the value of e/a. Also, at
supersonic speeds, the values 6/a shown are applicable up to 1ift
coefficlents of the order of 0.5, the 1limit of the tests. At subsonic
speeds, however, values of e/a presented are applicable only to
approximately the 1ift coefflcient for maximum 1lift-drag ratio. At higher
1ift coefficients, the values of G/a showed an abrupt decrease, becoming
approximately egual to the value at supersonlc gpeed. This decrease 1s
probably assoclated with the onset of the vortex-separation type of flow
characteristic of triangular wings.

Included in figure 12 are values of 6/a as determined from thin-
alrfoil theory. As indicated, the experimentel results show little
resemblance to the theoretical results. It will be recalled, however,
that the results at subsonic speeds were obtained under the assumption
that the span load distribution was elliptlcal in order to simplify the
calculations. Hence, a small part of the discrepancy mey be the result
of a difference in the span load distribution. At supersonic speeds, no
agssumptions beyond those implilcit irn linear theory were required in making
the calculations. The discrepancy between experimental and theoretical
results must be attributed entirely, therefore, to a deficiency in the
thin-airfoil theory as spplied to the calculation of drag due to 1ift.
Hence, it must be concluded that for thin triangular wings the drag due
to 1ift cannot be predlcted accurately by available theoretical methods.
In general, it appears that for supersonic speeds, it is more accurate to
base calculations on the assumption that the net force on the airfoil due
to angle of attack is normal to the chord line than to use available
theoretical methods.

BThe expression is restricted to plane wings having a linear variation
of 11ft with angle of attack. The units of lift-curve slope are per
radlan in this expression.
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Although somewhat irregular at the high subsonic speeds, the genersl
trend of the results indicates that eﬁm decreassed with increasing aspect
ratio. The value of e/a, in effect, represents the decresse in the drag
due to lift from that experienced by the wing if the force vector were
normal to the chord. Hence, the drag due to 1ift for thin trianguler
wings is not influenced predominantly by these effects of aspect ratio.
Rather, the primaery influence of aspect ratio on the drag due to 1ift is
felt through its effect on the variation of 1ift with angle of attack.

Maximum lift-drag ratio.- When the variation of drag with 11ft is
parsbolic, as shown by the results for these triangular wings at low 1ift
coefficients, the maximum lift-drag ratio and the 1ift coefficient at
maximlm lift-drag ratio can be expressed as follows:

T 1 dcp /do
(;;)max EN//;Dmin [1 - (8/a)] (%)

B Chpip (4CL/da)
“Lopt = / 1 - (6/a) 10)

Such expressions are helpful in the discussion of the maximum lift-drag
ratios and corresponding 1ift coefficients for the triangular wings
shown in Pigure 13. As with previous data concerned with the drag of
the wing-body combinations, the results shown in figure 13 are for the
highest Reynolds number obtained for each wing during the investigation.

The results of figure 13 indicate no consistent trend of maximum
1lift-drag ratio with increasing aspect ratio in the Mach number range of
the investigation. At subsonic speeds, the maximum 1ift-drag ratio
increased with aspect ratio. This characteristic could be expected in
light of equation (9) from the fact that the variation of minimum drag
coefficient and G/d with aspect ratio was small, whereas the increase
in lift-curve slope with increasing aspect ratio was large. As previously
mentioned, however, the minimum drag coefficient was smallest for the
wing of aspect retio 3 between Mach numbers of 0.6 and 0.93, which would
account for the maximum lift-drag ratlio of this wing being nearly as
large as that of the wing of aspect ratio L in this range. In the super-
gsonic speed range of these investigations, the triengular wing of aspect
ratio 3 exhibited the highest meximum lift-drag ratio. This character-
igtic indicated that the increase in lift-curve slope had a greater effect
on maximum lift-drag ratio than the increase in minimum drag coefficilent
as the aspect ratio was increased to 3. However, for aspect ratio greater
than 3, the opposite effect occurred. It should be mentioned that had the
varietion of minimum drag coefficient with aspect ratio been more linear,
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as discusged previously in connection with the drag of these triangular
wings, the maximum lift-drag ratio of the wing of aspect ratio 3 would
be less than shown in figure 13 and would be approximastely that of the
wlng of aspect ratio k.

It was previously shown that at supersonic speeds, the lncrease of
lift-curve slope with aspect ratio decreased with increasing Mach number,
and 1t might be expected from theoretical considerations that the 1ift-
curve slopes of these triangular wings at Mach numbers sbove approximately
2.3 would be the same. However, the variation of minimum drag coefficient
with aspect ratio did not change significantly with Mach number. These
facts would indicete that the wing having the lowest minimum drag
coefficient, the wing of aspect ratio 2, would tend to have the highest
maximm lift-drag ratio as the Mach number increased. Such a tendency
is evident from figure 13, although the Mach number at which it would
be expected that the highest maximum lift-drag ratio was obtalned by the
wing of smallest aspect ratio is outside the range of the lnvestligation.

The 1ift coefficient for meximum lift-drag retio showed a consistent
increase with inecreasing aspect ratio throughout the Mach number range of
the investigation. As can be seen from equation (10), this variation is
congistent with the previously noted behavior of lift-curve slope, min-
imm dreg coefficient, and G/m.

Effects of Type of Plan Form

The effects of type of wing plan form were investigated with two
groups of wings, one of aspect ratio 2 and the other of aspect ratio 3.
Plane wings, 3 percent thick, were used for both series of wings. An
NACA 0003-63 airfoil section was used for the triangular wings. The
unswept and sweptback plan forms in each aspect-ratio group had a bicon-
vex section. Purther information pertaining to the geometry of the wings
of aspect ratio 3 as well as tebulated data obtained during the investi-
gation can be found in tables II, IV, and V. Similar Information for the
wings of aspect ratio 2 is contained in tables I, VI, and VII. In addi-
tion, & more complete discussion of the characteristics of the wings of
aspect ratio 2 is given in reference uk.

Several of the wings having the biconvex section were also investi-
gated with round-nose sections and will be discussed in a subsequent sec-
tion of this report. It is sufficient at this time to say that the effect
of such differences in section on the 1ift and pitching-moment character-
igtlcs was not significant. In general, however, the drag characteristics
of the wings with biconvex sections were better then those with round-
noge sections at high supersonic speed, indicating that such a section
would be preferable for alrplanes with wings having smell leading-edge
sweep and for which the attainment of high speeds of the order of M = 2
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was desired. It was for this reason that the type of profile, that is,
round or sharp nose, was not the same for all wings in the present
grouping, and the wings of 459 gweepback or less have the biconvex

gsection.

Lift-curve slope.- The lift-curve slope for the wings under discus-
sion is shown in figure 14. Again, the results shown are for the highest
Reynolds number obtained in each facility for the Mach number range
tested. For the trisngular, sweptback, end unswept wings of aspect ratio
3, the results obtained in the 6- by 6-foot wind tunnel are at Reynolds
numbers of 4.8, 3.8, and 2.4 millions, respectively, and results from the
12-foot wind tunnel are at Reynolds numbers of 3.1, 2.5, and 2.4 millions,
respectively. Results obtained in the 2- by 2-foot wind tunnel are at a
Reynolds number of 1.5 million. The Reynolds number of the date obtained
on the 16-foot wind-tunnel bump increased from 2.1 to 2.8 millions with
increasing Mach number for the trlangular wing of aspect ratio 3, and
from 1.9 to 2.5 millions for the unswept wing of aspect ratio 3. For the
triangular, sweptback, and unswept wings of aspect ratioc 2, results
obtained in the 6- by 6-foot wind tunnel are at Reynolds numbers of 7.5,
4,8, and 4.4 millions, respectively. Data obtained for the triangular
wing of aspect ratio 2 in the 12-foot wind tunnel are at a Reynolds
number of 4.9 million and those obtained on the 16-foot wind-tunnel bump
are at Reynolds numbers between 2.1 million and 2.8 million. The Reynolds
number of the data for the unswept wing of aspect ratic 2 obtained on the
16-foot wind-tunnel bump varied with Mach number from 1.8 to 2.0 millions.

A comparison of the theoretical and measured lift-curve slopes for
the wings under discussion (fig. 14) indicates satisfactory agreement
over much of the Mach number range of the investigation. In general, in
the Mach number range near unity, the trend of the experimental results
was different from that predicted by the theory. However, these differ-
ences may be due, in part, to deficiencies in the experimental results
since it will be noted that for the unswept wing of aspect ratio 3, as
yet unpublished results obtained in the 2- by 2-foot transonilic wind
tunnel were in better agreement with the theoretical trends at Mach.
numbers near unity than those obtained on the 16-foot wind-tunnel bump.

Considering the effects on lift-curve slope of the sweepback of the
leading edge at constant aspect ratio and taper ratio, the results for the
wings of aspect ratio 3 at subsonic speeds indicated a decrease in 1lift-
curve slope with increasing sweepback. This trend conforms with the
predictions of reference 24, although in that reference the angle of
sweep for maximum lift-curve slope was shown not to be zero, but varied
from a small engle of forward sweep tc a small angle of sweepback as the
aspect ratio and taper ratio were decreased. The same trend was evident
at low supersonic speeds. However, with increasing Mach number, the
effect of sweep diminished until at a Mach number of 1.7, the limit of the
data, the lift-curve slopes for the sweptback and unswept wings were the
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same. At higher Mach numbers, it would be expected that the lift-curve
slope of the sweptback wing would be slightly higher because of the
smaller portion of the wing influenced by the tip Mach cone.

The same general effects of sweepback on the lift-curve slope were
also evident in the results for the sweptback and unswept wings of
aspect ratio 2. These effects are altered to a small extent, however,
by the fact that the teper ratio was not the same for both wings.

The theoretical results indicate that at a Mach number of 1.0, the
lift-curve slope for these wings of aspect ratios 2 and 3 is a function
only of aspect ratio, the small differences shown in figure 14 being the
result of differences in wing-body interferences. As previously indi-
cated, the experimental results did not confirm this prediction. The
theoretical results also indicate that in the supersonic speed range,
the effects of plan form and aspect ratioc decrease with increasing Mach
number, and that st sufficiently high Mach number, the lift-curve slopes
of the wings will be nearly the same. The trend of the experimentsal
results tended to confirm this latter prediction.

Lift at angle of attack.- The effects of wing plan form on the 1ift
at angle of attack are shown in figure 15 for the wings of aspect ratio
3 at two subsonlic and one supersonic Mach number. Lack of data at a
Mach number of 0.25 prevented making a comparable plot for the wings of
agpect ratio 2,

The variation of 1lift with angle of attack was somewhat nonlinear
for the wings of aspect ratio 3, and thus there is & limit to which the
experimental or theoretical lift-curve slope at zero 1lift may be used to
estimate the 1ift characteristics at angle of attack.

In the subsonic speed range, the most pronounced effect of wing
plan form on the 1ift characteristics occurred at high angles of attack.
A comparison of the results for the sweptback and unswept plan forms,
in which the primary plan-form difference is sweepback of the leading
edge, shows that the variation of 1lift with angle of attack became lesgs
abrupt as the sweepback was increased. The results for the triangular
wing, the wing having the greatest sweepback of the leading edge,
Turther established this trend, although in this case the taper ratio
of the wing is different from that of the other wings. TFurther evidence
that the sweep of the leading edge was the primary factor affecting the
1ift characteristics at high angle of attack i1s offered by a comparison
between the data for the sweptback plan form in figure 15 and those for
the triangular wing of aspect ratio 4 in figure 8. For both wings, the
sweep of the leading edge is the same. The data indicate that the 1ift
characteristics at high angles of attack were very similar for both wings
at a Mach number of 0.25. ’ ' :
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In the case of the unswept wing, the abrupt change in 1ift variation
with angle of attack can be delayed to a higher angle by use of a leading-
edge flap (ref. U5). Cambering the wing near the leading edge should
offer similar improvements, although such a modification may cause an
increase in the minimum drag coefficient, particularly at supersonilc
speeds.

Aerodynamic center.- The aerodynamic center in percent of the mean
aerodynamic chord is shown for the wings of aspect ratios 2 and 3 in
figure 16. The Reynolds numbers for these data are the same as pre-
viously listed in connection with the lift-curve slope of these wings.
In general, these results have been obtained from the variation of the
pitching-moment coefficient with 1lift coefficient through zero lift.
However, in the Mach number range from 0.7 to 0.9, the variation of
pitching-moment coefficient with 1ift coefflcient through zero 1ift was
somewhat nonlinear for the sweptback and unswept wings. The nonlinear
variation of pitching-moment coefficient was influenced significantly by
Reynolds number, but was smallest at the highest Reynolds number of the
investigation. In this range of Mach numbers, the aerodynamic center for
the sweptback and unswept wings was determined, therefore, from the
variation of pitching-moment coefficient with 1ift coefficient outside
the region of the nonlinearity. Because of the decrease in the non-
linearity with increasing Reynolds number, it is believed that the
results so obtalned are representative of full-scale wlngs.

The results shown in figure 16 are compared with theoretical pre-
dictione except at subsonic speeds in the cases of the sweptback wings
of aspect ratios 2 and 3 and the unswept wing of aspect ratio 3 since,
ag previously mentioned, there is some question as to the applicabillity
of the methods of reference 24 to the prediction of aerodynamic-center
posgition for low-aspect-ratio wings at high subsonic speeds. At super-
sonic speeds, the theoretical predictions have been corrected for the
effects of wing-body interference. The data indicate that at supersonic
speeds, the agreement between theoretical and experimental results was
good when the wing leading edge was swept behind the Mach cone from the
wing apex (subsonic leading edge). This condition existed throughout
the test range for the triangular wing of aspect ratio 2, up to a Mach
number of 1.67 for the triangular wing of aspect ratio 3, and up to a
Mach number of 1l.41 for the sweptback wings of aspect ratios 2 and 3.
For the wings having leading edges supersonic, the agreement between the
theoretical and experimental results was not good.

The cause of this discrepancy between experimental and theoretical
values of the serodynamic center has been discussed in reference 46. In
that reference it was shown that for wings with supersonic leading edges,
both the higher-order pressure effects neglected in the linearized
theory and fluid viscosity caused. the aerodynsmic center to be farther
forward than indicated by the linear theory. For wings with subsonic
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leading edges, the results of reference 46 showed that the aerodynamic
center determined experimentally was aft of that determined from linear
theory. In such cases, 1t is probable that the neglected bigher-order
effects tend to move the aerodynamic center aft, whereas viscous effects
again tend to move the aerodynamic center forward of that determined
from linear theory. Such compensating effects would result in the better
agreement between theory and experiment for wings with subsonic leading
edges shown in figure 16.

The results presented herein also indicate that a possible factor
contributing to the poor agreement between experimental and theoretical
values of the aerodynamic center is the inability of the theory to
predict accurately the 1ift distribution in the vicinity of the tips.

It was shown in figure 9 that the agreement between theory and experiment
was good in the case of the triangular wing of aspect ratio 4 throughout
the supersonic Mach number range of the test. For this wing, the leading
edges are supersonic above a Mach number of 1.4. Furthermore, the taper
ratio of the wing is zero. In contrast, the wings of figure 16 have
taper ratios of 0.33 or greater and, as previously stated, show poor
agreement between theory and experiment when the leading edges were
supersonic.,

Another possible factor contributing to the discrepancy between theory
and experiment shown in figure 16 may be an incomplete accounting for
wing-body Interference effects. The methods of reference 32 do not
account entirely for such effects, as evidenced by the recommendation in
that reference that an empirical factor be used in the theoretical
computations whlch moves the aerodynamic center determined theoretically
forward. Although, in general, such a factor would bring the results of
figure 16 into better agreement, it has not been used because the results
from which 1t was determined were obtalned with wing-body combinations
having wings small with respect to the body. Further evidence that wing-
body interference effects tend to move the aerodynamic center forward is
shown in figure 16 by a comparison between results from the 6- by 6-foot
and 12-foot wind tunnels and those from the 16-foot wind-tunnel bump.

A body was used in conjunction with the wings tested in the former
facilities, whereas the wing alone was investigasted in the latter facility.
The data of figure 16 show that the aerocdynamic center of the wing and
body combinations is consistently forward of that for the wing alone.

The results of figure 16 show that the over-all travel of the
aerodynamic center with variation in Mach number was reduced by increase
in leading-edge sweep. If the wing areas were the seme, the aerodynamic-
center travel expressed In feet would also indicate the same charascter-
istic. Furthermore, the aerodynamic center for the unswept wings moved
forward with increasing Mach number at subsonic speeds, whereas for the
sweptback and triangular wings it moved continuously rearward. This
latter effect has increased significance when the contribution of =
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horizontal tail to the stebility characteristics is considered. All the
wing plan forms shown in figure 16 with the possible exception of the
trisngular wing of aspect ratio 2 will probably be used in combination
with a horizontal tail to provide control as well as damping in pitch

at transonic speeds. The results of references L7 to 50 indicate that
for both trianguler and unswept plan forms, the stability contribution
of the tail will be a minimum st a Mach number near 0.9 because of the
variation of the parameter de/da with Mach number. Thus, the effect
of the horizontal tail on the serodynamic center would be to cause a
forward movement with increasing Mach number to approximately 0.9 and
then a rearward movement with further increase in Mach number. Such an
effect would increase the over-all aserodynamic-center travel with
variation in Mach number for the unswept wings but would have little or
no influence in the cases of the sweptback snd trianguler wings. An
estimation of the magnitude of this effect was made for the unswept and
triangular wings of aspect ratio 3 having the same wing area, a tail
area equal to 20 percent of the wing area, and a tail length in each
case equal to twice the mean aerodynamic chord of the unswept wing. The
results showed that the actwal travel of the aerodynamic center for the
unswept wing and body was approximately 16 percent greater than that for
the triangular wing and body, whereas a corresponding value for the
wing-body-tail combinations was approximately 31 percent.

Pitching moment at angle of attack.- The variation of pitching-
nmoment coefficient with 1ift coefficient for the wings of aspect ratio
3 is shown in figure 17 at two subsonic Mach numbers and at a Mach
number of 1.5. For the wings of aspect ratio 2, no data were obtained
at s Mach number of 0.25 so that a comparsble figure is not shown for
these wings.

The results show that the variation of pitching-moment coefficient
with lift coefficlent was nearly linear over the lift-coefficient range
of these investigations at a Mach number of 1.5. This characteristic
was evident throughout the range of supersonic Mach numberg investigated
for these wings of aspect ratio 3 as well as the wings of aspect ratio 2.
Furthermore, in the range of Reynolds numbers between those for the
results in figure 17 at & Mach number of 1.5 and approximately 2-1/2
times those values, no apprecisble change in the characteristics was
evident up to Llift coefficients of approximately 0.4, the limit of the
data.

At a Mach number of 0.25, the results show that the variastion of
pitching-moment coefficient with 1ift coefficient was linear only to a
11ft coefficilent of approximately 0.3. At higher 1ift coefficients,
the data show that increase in leading-edge sweep increased the 1lift
coefficient at which the stgbility of the wing suddenly increased. That
leading-edge sweep is the primary factor affecting these characteristics
at high angles of attack is again indicated by a comparison between the
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results for the sweptback wing and those for the triangular wing of
aspect ratio 4 (fig. 10). The sweepback of the leading edge is L5°
in both cases, and the results show that the region of extreme stability
occurred at a 1lift coefficient of approximately 0.85 in both cases.

These wings of aspect ratio 3 were investigated at a Mach number of
0.25 over a range of Reynolds numbers to gpproximately 3-1/2 times the
values for the results in figure 17. None of these wings showed any
significant effect of Reynolds number up to a 1ift coefficient of approx-
imately 0.8, the limit of the comparison.

The results presented for a Mach number of 0.91 show the slight
discontinuity or nonlinearity in the variation of pitching-moment
coefficient with 1ift coefficient at zero 1ift for the unswept wing and,
to a lesser extent, for the sweptback wing. This characteristic was
referred to previocusly in connection with the aerodynamic center for the
sweptback and unswept wings and it will be noted, as mentioned then,
that the effect is confined to a small ramge of 1ift coefficients.
Furthermore, the severity of the discontinuity or nonlinearity reduced
with increasing Reynolds number, suggesting that the characteristic
mey not be present at full-scale Reynolds number.

Drag coefficient at zero 1lift.- Because of the previously mentioned
effects of Reynolds number on the drag at zero lift for triangular wings,
a comparison of such data for these wings of various plan forms will be
made at the highest Reynolds number obtained during the investigation.
The Reynolds numbers for the triangular, sweptback, and unswept wings of
aspect ratio 3 were 10.6, 8.4, and 8.3 millions, respectively, at a
Mach number of 0.25, and 4.8, 3.8, and 2.4 millions, respectively, at
Mach numbers of 0.6 and above. For the triangular wing of aspect ratio
2, the Reynolds number was 16.6 million st a Mach number of 0.25.

At Mach numbers of 0.6 and above, the Reynolds numbers for the trianguler,
sweptback and unswept wings of aspect ratio 2 were 7.5, 4.8, and k.l
millions, respectively. During the program, the effects of Reynolds
number on the characteristics of the sweptback and unswept wlngs were
investigated also. These effects on the drag at zero lift were not as
congsistent with varlation of Mach number as were those for the triangular
wings. In general, however, the drag at zero 1lift Iincreased slightly
with Reynolds number.

A comparison of the drag coefficient at zero 1ift for the wings of
various plan forms is shown in figure 18. It should be emphasized that
the airfoil sections are not the same for each plan form shown, the
triangular wings having the NACA 0003-63 section and the remaining wings
having biconvex sections. In & subsequent section, the effects of modi-
fying the biconvex sections forward of the midchord to have a round lead-
ing edge will be discussed. It will be shown that, at a Mach nurber of
1.2, the effect of modifying the biconvex sections on thé minimum drag
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coefficient was small. Hence, the differences in minimum drag coeffi-
cient at a Mach number of 1.2 shown in figure 18 are due primarily to
plan-form effects. The results show that Increase in leading-edge sweep
caused a decrease in minimum drag coefficient for wings of aspect ratios
2 and 3. With increase in Mach number, the effects of airfoil section
became of greater importance. Thus, the wings of lesser sweep indicated
a greater reduction in minimum drag coefficient with increasing Mach
number, an effect probably due to the attachment of the bow wave to the
sharp leading edges of the wings of lesser sweepback with a consequent
reduction in weve drag. It is of interest to note that because of the
attachment of the bow wave, the minimum drag coefficient for the unswept
wing of aspect ratio 3 was the smallest of those presented in figure 18
above a Mach number of 1.6.

The results of figure 18 give indications that the minimum drag
coefficient may decrease with increasing taper. A comparison of the
results for the unswept wings of aspect ratios 2 and 3 shows that
although the variation of drag coefficient at zero 1ift with Mach number
was similar for both wings and was characteristic of wings having sharp
leading edges with little or no sweepback, the drag coefficient for the
wing of aspect ratio 2 was approximately 0.0020 larger than that for the
wing of aspect ratio 3 throughout the Mach number range. This difference
in drag coefficient is believed not to be due to the difference in aspect
ratio, since the results of reference 51 have shown a slight increase in -
drag coefficient with aspect ratio for rectangular wings. The greater
sweep of the leading edge, in the case of the wing of aspect ratio 3, is
also believed not to be the cause, since that effect would not explain
the drag difference at subsonic speeds. Another indication of the

detrimental effect of small taper is provided by a comparison between
the minimum drag coefficient for the triangular wing of aspect ratlo )8
(fig. 11) and the sweptback wing of aspect ratio 2. The minimum dreg
coefficient was less for the triangular wing than for the sweptback wing
up to a Mach number of 1.5, an effect particularly noticeable at a Mach
number of 1.2 where the difference was approximately 0.0020.

Drag due to 1lift.- The effects of plan form on the value of the
criterion of drag due to 1ift for wings of aspect ratios 2 and 3 are
shown in figure 19. These data were obtained at the highest Reynolds
numbers of the investigations. The Reynolds numbers were given pre-
viously in connection with the minimum drag coefficient of these wings.
The effects of Reynolds number were small, however, a slight increase
in 9/@ resulting from an increase in Reynolds number over the range
investigated. As for the triangular wings discussed previously, the
values of 9/@ in figure 19 are appliceble at supersonic speeds up to
1ift coefficilents of approximately 0.5, the limit of the data. At sub-
sonic speeds, the values of G/d, presented are applicable only to 1ift
coefficients near those for maximum lift-drag ratio. At higher 1ift
coefficients 6/@, in general, showed an sbrupt decrease.
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The data of figure 19 show, as in the comparison previously made
for the triangular wings, that the experimental values of 6/q had little
resemblance to results obtained from the thin-sirfoil theory at super-
sonic speeds or to those obtained agsuming an elliptical span load dis-
tribution at subsonic speeds. Hence, it must be concluded that for
thin wings of low aspect ratio, the drag due to 1lift cannot be predicted
gccurately by avallable theoretical methods.

A comparison of the results for the sweptback and unswept wings in
figure 19 indicate thst for wings having the same taper ratio, an increase
in sweepback of the leading edge increased the value of 9/@ at super-
sonic speeds. Such a characteristic is affected considerably by factors
other than leading-edge sweepback, however, as shown by & comparison of
the results for the sweptback wing with those for the triangular wing
of aspect ratio 4 in figure 12 (both wings having leading edges swept back
450},  The sweptback wing had a value of 6/@ of roughly twice that for
the triangular wing. Although the former wing had a sharp leading edge
and the latter wing had a round leading edge, data discussed in a sub-
sequent sectlion will show that such a difference in profile had no effect
on the results for the triangular wing. .

Maximum lift-dreg ratio.- A comparison of the meximum lift-drag
retio for the wings of different plan form (fig. 20) shows that no single
plan form was superior throughout the Mach number range of the investi-
gation. For the wings of aspect ratio 2, the triangular plan form was
superior over the major portion of the test range, a result associated
with the minimum drag coefficient. For the wings of aspect ratio 3, the
maximum lift-drag ratios of the triangular and sweptback wings were
nearly the same throughout the Mach number range of the investigation and
were superior to the unswept wing except at Mach numbers above 1.6 and _
near 0.9. Thus, in splte of the fact that the minimum drag coefficient
for the sweptback wing was considerably greater than that for the unswept
and triangular plen forms through most of the supersonilc range, the larger
value of lift-curve slope for the swept wing, in comparison with that for
the trianguler wing, and larger value of 6/a, in comparison with that _
for the unswept wing, resulted in the sweptback wing comparing gquite
favorebly with the other plan forms in regard to meximum 1lift-drag ratio
and drag coefficlent at higher 1lift coefficlents.

The Reynolds numbers for the data presented in figure 20 were the
seme ag those for the data in figures 18 and 19.

Effects of Thickness

The effects of wing thickness on the 1ift, drag, and pitching-moment
cheracteristics were investigated with three. triangular wings of aspect
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ratio 2 with thicknesses of 3, 5, and 8 percent of the streamwise chord.
These wings employed the NACA Q00X-63 airfoil sections. Further infor-
mation pertalning to the geometric characteristics of these wings of

3-, 5-, and 8-percent thicknesses and a tsbulation of wind-tunnel data
obtained during the investigation can be found in tables I, VIIT, and
IX, respectively. )

Lift and piltching moment.-~ No data are presented showing the lift-
curve slope and aerodynamic-center position near zero 1lift for the three
triangular wings since a comparison of the data showed almost no effects
of wing thickness on these characteristics. Hence, the previous discus-
sion of such characteristics for the 3-percent-thick wing applies to the
thicker wings as well.

The variation of pitching moment with 1ift and, to a lesser extent,
the variation of 1ift with angle of attack were influenced at 1ift coef-
ficients above approximately O.lL by the thickness of the wing. A
comparison of such characteristics is shown in figures 21 and 22 pre-
senting the variation of 1ift coefficient with angle of attack and of
pitching-moment coefficient with 1lift coefficient at three subsonic
Mach numbers and at a Mach number of 1.53. It will be noted that the
main differences in the plitchling-moment characteristics due to wing
thickness are confined to the subsonic speed range. The results shown for
a Mach number of 1.53 are typical of those obtained in the supersonic
speed range and indicete nearly identical characteristics for the three
wings throughout the lift-coefficient range.

At a Mach number of 0.25, the effects of thiclkness on the pitching-
moment characteristics were very pronounced. The results for the 3-
percent-thick wing show a large decrease in slope of the pltching-moment
curve between 1ift coefficients from 0.4 to 0.5 and then a slight increase
at higher 1ift coefficient. For the 5-percent-thick wing, the stability
decreased only to that of the 3-percent-thick wing at the high 1lift
coefficients. For both wings, the 1lift-curve slope increased in these
regions of reduced stability. However, the results for the 8-percent-
thick wing show nelther the increase in lift-curve slope nor the decrease
in staebility indicated by the thinner wings.

0Of equal importance, were the effects of thickness at Mach numbers
above 0.25. At those speeds, the results for the S-percent-thick wing
show & sudden decrease in stabillity between 1ift coefficients of spprox-
imately 0.45 and 0.55 at a Mach number of 0.60 and between 0.6 and 0.7
at & Mach number of 0.9. For the 3-percent-thick wing, data at high 1ift
coefficients were available only at a Mach number of 0.6, and these data
showed that the region of reduced stability occurred between 1lift coef-
ficients of 0.9 and 1.0. In contrast to the effect at a Mach number of
0.25, the lift-curve slope decreased in the region of reduced stability
at the higher Mach numbers. Furthermore, the date indicate that the
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1ift coefficlent at which the region of reduced stability occurred
increased with Mach number.

Nelther the flow phenomena associated with the region of reduced »
stability nor the reasons for the large effects of wing thickness on such
phenomena are understood at present., It is believed that these stability
characteristics are associated with the vortex-sepasration type of flow
existing near the leading edge of low-aspect-ratio triangular wings
which is influenced more by the shape of the airfoil section near the
leading edge rather than by merely the leading-edge radlus or thickness
of the section (see ref. 37).

The regions of reduced stabillity occurring at subsonic speeds,
because of the nonlinear character of the pitching-moment curves, are
of considersble importance since the results show the minimum static
margin for these wings was determined thereby. Some research has been
devoted to eliminating this region of reduced stability. Unpublished
deta from tests of a triangular wing of aspect ratio 2 in the Ames
6- by 6-foot supersonic wind tunnel have shown that leading-edge-chord
extensions tend to eliminate the nonlinesr pitching moments at high
subaonic speed.

The data of figure 22 indicate an apparent effect of thickness on
the stability charascteristics at s Mach number of 0.9. Above a 1lift
coefficient of approximately 0.2, the stasbility of the 3-percent-thick =
wing was greater than that of the thicker wings. The results shown
for the 3-percent-thick wing at a Mach number of 0.9 in figures 21 and
22 were obtalned in the 6- by 6-foot supersonic wind tunnel, however, -
whereas the remainder of the data at subsonlc speeds was obtained in the
12-foot wind tunnel. It ig possible that because of the large size of
the triengular wings of aspect ratio 2, in comparison with the size of
the 6- by 6-foot wind tunnel, the characteristice of the wingé were
influenced by unknown constriction effects of the tumnel wall at the
high 1ift coefficients and a Mach number of 0.9. 8Such an effect would
explain the large differences 1n the stgbillty of these wings above a
1ift cocefficient of approximately 0.2 at a Mach number of 0.9.

The date presented in figures 21 and 22 were obtalined at a low
Reynolds number. At Mach numbers above 0.25, the effects of Reynolds
number on the stability characteristics of these wings in the region of
reduced stability could not be determined in this investigation because
of the restricted range of 1ift coefficient at high Reynolds number. At
& Mach number of 0.25, 1t was possible to test these wings at a Reynolds
number approximately 3—1/2 times greater than that for the date presented.
The stability characteristics of the wings at the higher Reynolds number
were essentially the same as shown in figure 22,
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Minimum drag coefficient.- A primary purpose for investigating a
series of wings differing only in thickness was to ascertain the effects
of thickness on the drag characteristics of the wings. The drag data
for these wings are therefore presented in figure 23. Results for the
8-percent-thick wing at Mach numbers between 0.6 and 0.9 were ohtained
only at a low Reynolds number and, therefore, are not shown since the
date presented were obtained at a Reynolds number of 6 million or greater.

As expected, the results indicate a large incresse Iin minimum drag
coefficient at supersonic speeds with incressing thickness. Furthermore,
as indicated by the linearized theory, the increase in minimum drag coef-
ficient was proportional to the square of the thickness ratio. The
constant of proportionselity was less, however, than indicated by the
the theoretical results of reference 42 for a triangular wing of aspect
ratio 2 and having a double-wedge section with maximum thickness at
30 percent of the chord. The experimental results showed a decrease
in the constant from 2.0 to 1.6 between Mach numbers of 1.3 to 1.7,
whereas the theoretical results show an increase from 2.1 to 3.3 in the
same range of Mach numbers.

It ls interesting to note that, if the date at supersonic speeds

are extrapolated to a wing of zero thickness, the resultant minimum drag
coefficient is approximately 0.0010 greater than the results at subsonic
speeds. This drag increment can be accounted for by the wave drag of the
body. With these data as a guide, 1t would appear that the viscous drag
for the winge in this progrem was essentially independent of Mach number
and that the variation of drag with Mach number was caused entirely by
wave drag.

Drag due to 1ift.- The results of figure 23 presenting the quantity,
6/@, indicate that lncreasing the section thickness and, hence, the
leading-edge radius reduced the drag due to 1lift. Between Mach numbers
of 0.6 and 0.9, an increase in thickness from 3 to 5 percent of the chord
approximately doubled the value of 6/@. Since the lift-curve slope and
minimum dreg coefficlent were approximately the same for these wings in
this range of Mach numbers, the large effect of thickness on the quantity
9/@ resulted in the maximum 1ift-drag ratioc of the 5-percent-thick wing
being as much as 15 percent greater than that for the 3-percent-thick
wing.

At supersonic speeds, the effects of thickness on the drag due to
1ift were small. The data show that the 5-percent-thick wing had the
highest value of 6/@ in the supersonic Mach number range. The large
increase in minimm drag coefficient with thickness more than offset this
small advantage of thickness in reducing the drag due to 1lift, so that the
drag coefficient for the 3-percent-thick wing was less than that for the
5-percent-thick wing throughout the range of 11ft coefficients investi-
gated at supersonic speeds.
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Effects of Type of Profile s -

It was mentioned previously in the section entitled "Selection of -
Models" that several of the wings would be investigated with both sharp
end round leading edges. The effect of such a section modification was
investigated on wings of both aspect ratios 2 and 3 and of unswept,
sweptback, and trianguler plan forms. The airfoll sectlions investigated
with each plan form were:

1. Biconvex sections 3 percent thick with meximum ordinate at
50 percent of the wing chord - : - -

2. Round-nose sections obtained by substituting a semiellipse for
the forward 50 percent of the wing chord of the blconvex
section noted above

Further information pertaining to the geometric characteristice and
a tabulation of the dats for the wings with sharp leading edges will be
found in tables IV, VI, VII, and X. Similer informastion is presented in
tables ITT, XI, XII, and XIIT for the wings with round leading edges.

The aerodynsmic characteristics of the unswept wing of aspect ratio
3 and with round leading edge were previously published in reference 15.
After publication of those results, it was discovered that the bent sting .
used. in those tests to obtain a high angle of attack caused the minimum
drag coefficient to be approximately 0.0006 less than that obtained with
the straight sting used for other portions of this progrem. The unswept -
wing was tested again with the straight sting, therefore, and it is these
later results which are given in table XIIT.

Lift and pitching-moment characteristics.- A comparison of the data
for the wings investigated in this portion of the progrsm showed that the
change in section profile had almost no effect on the variation of 1lift
coefficient with angle of attack throughout the test range. Also in the
case of varilation of pitching-moment coefficient with 1ift coefficient,
no significant effects were noted at high Reynolds number, due to change
in section profile. However, at the low Reynolds number, the data for
the unswept wings with round leading edges did not exhibit the abrupt
chenge in plitching-moment coefficient near zero 1lift at high subsonic
Mach numbers which was discussed previougly in the section on plan-form
effects.

Drag coefficlent.~ As pointed out previously, the shgpe of the
airfoil sectlon may have a significant effect on the drag characteristics
of the wing. For wings having little sweep of the leading edges, it is
generally recognized that at Mach numbers well above unity sharp leading =
edges are required for & smell wave drag. However, a low value of drag '
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due to 1lift is generally associated with a wing having round leading
edges. The investigation of such effects was the primary purpose of
this portion of the program.

The results of figure 24 show that the effect of the section pro-
file on the minimum drag coefflcient was affected considerably by Mach
number, & characteristic in agreement with that determined on a large-
scale unswept wing between Mach numbers of 0.8 and 1.6 by the rocket-
model technique. (See ref. 52.) At Mach numbers less than 1.3, the min-
imum drag coefficient was greater for the wings having sharp lesding
edges, whereas with the exception of the sweptback wing of aspect ratio 2,
the opposite effect was obtained at higher Mach numbers. Based upon
theoreticel results for wedge-shaped profiles, it is estimated that a
Mach number of 1.3 is approximately that for sttachment of the bow wave
to the sherp leading edges for the unswept wings. This fact would
explain the smaller value of minimum drag coefficient for the unswept
wings with sharp leading edges above a Mach number of approximately
1.3, since the wave drag would be emaller after attachment of the bow
wave. At Mach numbers below 1.3, it is believed that the larger minimum
drag coefficient for the wings with sharp leading edges was due to such
edges causing the transition point to be considerably ahead of that for
the wings with round leading edges. It should be noted, however, that
the Reynolds number for these investigations is considersbly less than
would be obtained on the full-scale wing. For the rectangular and swept-
back wings of aspect ratio 2, the Reynolds numbers were 4.4 and 4.8
millions, respectively. For the unswept wings of aspect ratio 3 and the
triangular wings of aspect ratio L, the Reynolds numbers were 8.3 and
9.1 millions, respectively, at a Mach number of 0.25, and 2.4 and L.2
millions at Mach numbers of 0.6 and above. Since these values of Reynolds
number are considerably less than would be obtained on the full-scale
wing, the posslbility exists that the extent of laminsr boundary layer
on the wing having a round leading edge was greater than on a comparable
full-scale wing; whereas the small extent of the laminar boundary layer
in the cases of the wings with sharp leading edges would be more nearly
the same on both model and full-scale wing. Hence, the improvement in
minimm drag coefficient due to rounding the leading edge may not be as
great for a full-scale wing as indicated by the results shown herein,

One point of inconsistency occurred in the dats for the sweptback wing
of aspect ratic 2 and the triangular wing of aspect ratio 4 which is not
understood at present. The angle of sweepback is the same for both wings.
By use of simple sweep theory, it is estimated thet the bow wave would
attach to the sharp leading edges of these wings at a Mach number of
approximaetely 1l.7. Based upon the results for the rectangular and unswept
wings, it would be expected that at Mach numbers less than 1.7, the mini-
mum drag coefficient would be less for the wing with a round leading edge
than for the wing with a sharp leading edge. At higher Mach numbers, the
opposlte cheracteristic would be expected. The resulits for the sweptback
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wing of aspect ratio 2 are in agreement with this reasoning; whereas
those for the triangular wing of aspect ratic 4 show the wing with

sharp leading edges to have a smaller minimum dreg coefficient than that
for the wing with round leading edges at Mach numbers above approximstely
1.3.

Included in figure 24 are values of 6/@ for the various wings to
indicate the effects of section profile on the drag due to 1ift. In
general, the data show llttle difference between the values of B/a for
the wings with either sharp or round leading edges. It should be men-
tioned that at subsonic speeds the values of 6/a generally are sppli-
cable only to a lift coefficlent of approximately 0.2 and, with increase
in 1ift coefficient, decrease ebruptly. The drag data of figure 2k indi-
cate that at subsonic speeds, the difference in drag due to 1lift between
that for wings with sharp leading edges and that for wings with round
leading edges was not the same for all plan forms. Thus for the triangu-~
lar wing of aspect ratio 4 above a 1lift coefficient of 0.2, the drag due
to 1ift for the wing wilth a round leading edge was less than that for the
wing with a sharp leading edge; for the unswept wing of aspect ratio 3
end the sweptback wing of aspect ratio 2, the drag due to 1lift was essen-
tlally the same for the wing with either section; for the unswept wing of
aspect ratio 2, the drag due to 1lift for the wing with a round leading
edge was greater than that for the wing with a sharp leading edge.

Effects of Camber and Twist

In the section on Selection of Models, it was stated that a theoret-
ical study in reference 18 had shown that cember and twist could be
employed on a sweptback wing to obtain a low value of drag due to 1lift.
Further study, based upon the results of reference 18, indicated a similar
effect for triangular wings. The theoretical study showed that a low
value of drag due to 1lift could be obtained with two types of camber,
one designed to produce a trapezoidal span load distribution and the
other, a nearly elliptical span loed distribution. Several wings incor-
porating these types of camber were investigated, therefore, in order to
evaluate experimentally the effects of camber and twist for triangular
wings. Two of the wings were cambered and twisted to produce the trape-
zoldal span load distribution and had aspect ratios of 2 and 4 and NACA
0005-63 thickness distributions. The design 1ift coefficients for these
wings were 0.25 at a Mach number of 1.53 and 0.35 at a Mach number of
1.15, respectively. Tabulated data obtained during the investigation of
these wings are presented in tables XIV and XV; results for the correspond-
ing plane wings are presented in tables VIII and XVI. Two wings of aspect
ratio 2 and having NACA 0003-63 and 0005-63 thickness distributions were
also cambered and twisted for the nearly elliptical span load distribution.
The design 1lift coefficient for both wings was 0.25 at a Mach number of
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1.53. Tabulated data obtained during the investigation of these wings
are presented in tables XVII and XVIII; results for the corresponding
plane wings are given in tables I and VIIT.

Analysis of the results for these cambered and twisted wings showed
that the drag due to 1ift and the minimum drag coefficilent was comsider-
ably higher for the wing having the trapezoidal span load distribution
than for the wing having & nearly elliptlcal span load distribution.
This characteristic was attributed to the differences in the pressure
distributions occurring on these wings at the design conditions. TFor
the wing having the trapezoidal spen loed distribution, there is an abrupt
adverse gradient in the pressure distribution determined theoretically.
The ebrupt gradient occurs along a stralght line passing through the
wing apex and a point on the trailing edge five eighths of the semispan
from the plane of symmetry. In contrast, the wing having a nearly
elliptical span load distribution has a smooth adverse pressure gradient
from the leading to trailing edge of the wing. The abrupt gradient will
cause premature separation of the boundary lasyer, thereby resulting in &
higher drag coefficient for the wing with the trapezoldal span load dis-
tribution than for the wing with the elliptical span load distribution.
For this reason, as well as the fact that the wing having a nearly
elliptical span load distribution is plane over a considerable portion
of the wing area, it was believed that the results for this latter wing
would be of greater interest and, hence, only those data will be discussed
hereinafter.

Lift and pitching moment.- Since the lift-curve slope and aerodynamic
center near zero ift are intluenced primarily by the wing plan form, it
would be expected that such characteristics for the cambered wing would
be essentially the same as for the plane wing of corresponding plan form.
Such was the case as indicated by the results shown in figures 25 and
26. In these figures, the variation of 1lift coefficient with angle of
attack and pitching-moment coefficient with 1ift coefficient are shown
for the plane and cambered wings of 3- and 5-percent thickness at three
subsonic Mach numbers and & Mach number of 1.53. In all cases shown,
the curves of the 1ift and pitching-moment characteristies of the cam-
bered wings are parallel, slthough displaced, to those of the plane wings
near zero lift. In the case of the varlation of 1ift with angle of
attack, the displacement of the curve is of little lmportance.f However,
in the case of the variation of pitching-moment coefficlent with 1ift
coefficient, the cambered wing showed .a positive pitching moment at zero
1ift for the Mach numbers included in the figure. Such a characteristic
would result in a decrease in the increment of pitching moment required

®for the cambered wings discussed herein, the wing chord at the plane of
symmetry was colncident with the axis of the body. The angle of attack
for the cambered wings is measured, therefore, with respect to the
chord at the pleane of symmetry.
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to trim the airplane under flight conditions and therefore a slight i
reduction in trim drag. Unfortunately, this effect of camber on the

pitching moment at zero lift reduced with increasing Mach number, becoming

glmost ingignificant at a Mach number of 1.7. -

At the higher 1ift cpefficients, the effects of camber on the 1ift
and pitching-moment characteristics were generally small. However, the
results for the 5-percent-thick wing at a Mach number of 0.60 did show a
significant effect. It will be noticed that the region of reduced sta-
billity, previocusly discussed in connection with the effects of thickness
on the triangular wings of aspect ratio 2, occurred et a considerably
higher 1ift coefficient in the case of the cambered wing (CL = 0.75)
then in the case of the plane wing (C; = 0.45). This comperison adds
further support to the bellef that the reduced-stability region is
assoclated with the vortex-separation type of flow near the wing leading
edge. Since the camber is obtalned by drooping the wing leading edge,
the angle of attack and, hence, the 1lift coefficient for the canbered
wing mey be increased over that of the plane wing before separation
occurs near the leading edge. These results indicate the possibility,
therefore, that correctly drooping the leading edge of an aspect ratio 2
triangular wing may delay to a 1ift coefficient beyond the flight range
the undesireble reduced-stability region.

The results shown in figures 25 and 26 have been obtained at low
Reynolds numbers in order not to restrict the lift-coefficient range. :
Within the range of 1ift coefficients for which data were availeble, up
to a 1ift coefficient of roughly 0.5, increase in Reynolds number to
16.6 x 10° at & Mach number of 0.25 and to 7.5 X 108 at other speeds
caused no apprecieble changes in the 1ift and pitching-moment character-
istics of the cambered wings.

Drag coefficient.- The primary purpose for investigating the various
cembered wings was to determine the effects of camber on the drag coef-
ficient. Such effects are shown in figure 27, wherein the drag coefficient
at constant 1ift coefficient is shown in relation to Mach number for the
cambered and plaene wings of 3- and 5-percent thickness. The results show
that throughout the Mach number range, the drag coefficient at zero 1ift
wag lower for the plane wings than for the comparable cembered wings.

For lift coefficlents above approximately 0.1, however, the drag coef-

ficient for the cembered wing was lower. The results indicate, therefore
that the potentialities for reducing the drag due to 1ift indicated by ’
the theory were more fully realized in the case of a cambered wing having

subsonic leading edges than in the case of g plane wing with subsonic
leading edges.

These benefits of camber arose from the fact that, at the design
}ift coefficient, the 1ifting force vector was inclined farther forward
in the case of the cambered wing than for the plane wing. The more
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forward inclination of the force vector in the case of the cambered wing
at the design 1ift coefficient was due to the fact that, as indicated

by theory, lifting pressures occurred on those portions of the wing which
were drooped. Thus there resulted a component of this force in the thrust
direction which caused the vector to be inclined forward. In the case of
the plane wing, the analogous effect, which theoretical considerations
indicate will cause a forward inclination of the force vector, that is,
high 1ifting pressures acting near the leading edge, was considerably

less than predicted.

In the off-design condition the 1ift distribution on a cambered
and twisted wing can be considered as that due to camber and itwist and
that due to change in angle of stteck. The drag of the cambered and
twisted wing results from both types of 1ift distribution. The effect
of change in angle of attack on the drag characteristics of the cambered
and twisted wings was very similar to that for the plane wings. For
the 3-percent-thick wings, the curvature of the drag polar was approxi-
mately the same for both the plane and cambered and twisted wing in the
lift-coefficient range wherein the shape of the polar was parebolic. For
the 5-percent-thick cambered and twisted wing, the curvature of the drag
polar was greater than that of the 5-percent-thick plane wing and more
closely resembled that of the 3-percent plane wing.

It will be noticed that reduction in drag coefficient due to camber
was not as great for the 5-percent-thick wing as for the 3-percent-thick
wing. This effect resulted from the fact that, as discussed previously
for the uncambered wings, the inclination of the force vector for the
5-percent-thick wing was farther forward than that for the 3-percent-
thick wing and, thus, a greater portion of the reduction in drag due to
1ift indicated by the theory was realigzed by the thicker wing. In the
case of cambered wings of both thicknesses, however, the variation of
drag due to 1ift at Mach numbers where shock waves were not present was
nearly the same. It appears, therefore, that the beneficial effects of
thickness or camber in reducing the drag coefficient are not additive
and that the reduction in drag in each case stems from the same cause;
that is, the surface areas of the wing near the leading edge inclined
forward has been incressed either by drooping the leading edge or increas-
ing the section thickness so that the 1lifting pressure acting on these
surfaces results in a greater component of force in the thrust direction
and, therefore, a more forward inclinstion of the force vector.

The beneficial effect of camber in reducing the drag coefficient is
geen to be greatest at the subsonic Mach numbers and decreases with
increasing Mech number. At a Mach number of 1.7, the effect was negli-
gible. This characteristic was also evident in a comparison of the data
for the wings with the other type of camber investigated in this program.
The results showed that when the Mach number exceeded that at which the
component of the free-stream Mach number perpendicular to the leading
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edge was approximately 0.7, no further benefits of camber were realized.
In fact, in the case of the triangular wing of aspect ratio 4 where
appropriate dats were available, further increase in Mach number resulted
in a detrimental effect on the drag coefficient due to the use of camber.

CONCLUSIONS

The present report presents results of a coordinated program to
investigate the effects of aspect ratio, plan form, thickness, thickness
distribution, and camber and twist on the 1ift, drag, and pitching-moment
characteristics of low-aspect-ratio wings in combination with a body at
Mach numbers from 0.25 to as high as 1.9.

1. The investigation of a series of 3-percent-thick triangular
wings of aspect ratios 2, 3, and 4 showed that:

(a) The lift-curve slope was predicted satisfactorily by linearized
theory over much of the subsonic speed range but, at Mach numbers near _
unity and over portions of the supersonic speed range, the extent depend-
ing on aspect ratio, the lift-curve slopes predicted by theory were not
in close agreement with experimental results.

(b) Linearized theory satisfactorily indicated the effects of
Mach number and aspect ratio on the position of the aerodynamic center,
which moved rearward with increasing Mach number at subsonic speeds.
The over-all travel of the aerodynamic center increased with aspect ratio.

(¢c) The minimum drag coefficlent increesed with aspect ratio at
supersgonic speeds. :

(d) The drag due to 1ift was not predicted accurately by availlable
theoretical methods. In general, it appeared to be more accurate to
calculate the drag due to lift at supersonic speeds, assuming that the
net force on the airfoil due to angle of attack is normal to the chord
line, than to use the available theoretical methods which include leading-
edge thrust.

2. The investigation of a series of 3-percent-thick wings having
sweptback, unswept, and triangular plan forms of aspect ratios 2 and 3
showed that:

(a) As predicted by linearized theory, the lift-curve slope near
zero 1ift decreased with increasing sweepback of the leading edge; with
increasing Mach number the effects of plan form and aspect ratio on 1ift~
curve slope diminished and essentially vanished at the highest supersonic
Mach number.
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(b) Linearized theory satisfactorily predicted the location of the
aerodynemic center at supersonic speeds for wings with subsonic leading
edges, but predicted a location behind that determined experimentally
for wings with supersonic leading edges.

(¢) The over-all travel of the aerodynsmic center with variation
in Mach number decreased with incressing sweepback of the leading edge.

(d) At low supersonic Mach numbers, the minimum drag coefficient
decreased wlth increasing sweepback. However, the wings of lesser
sweep and with sharp leading edges showed a greater decrease in minimum
drag coefficient with increasing Mach number, so that sbove a Mach number
of 1.6, the minimum drag coefficient was lowest for an unswept tapered
wing of aspect ratio 3 with sharp leadlng edges.

3. The investigation of a series of triangular wings of aspect
ratio 2 with NACA OO0X-63 series airfoil section and thicknesses of 3,
5, and 8 percent showed that:

(a) Lift-curve slope and serodynamic center near zero 1lift were
almost unaffected by thickness.

(b) Thickness affected the stability characteristics at moderate
1ift coefficlents at high subsonic Mach numbers, the 3-percent- and 5-
percent-thick wings having an abrupt decrease in stability over a small
range of lift coefficients.

(¢) The wave drag was proportional to the thickness ratio squared,
a8 predicted by linear theory.

(d) The drag due to 1ift decreased with increase in thickness from
3 percent to 5 percent, the effect being most pronounced st Mach numbers
of 0.9 and below.

k., The investigation of a series of wings having sharp and round
leading edges showed that:

(a) The shape of the airfoll section had almost no effect on the
1ift and pitching-moment characteristics.

(b) The sirfoil section affected the minimum drag coefficient, in
general; the wings with sharp leading edges had a lower value at super-
sonic speeds (above those estimated for attachment of the bow wave) and
a higher value at subsonlec speeds.

(¢) In general, the effects of airfoil section on the drag due to
lift were small.
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5. An investigation to determine the effects of twist and cember

on triangular wings of aspect ratio 2 and having 3- and 5-percent
thicknesses showed that:

(a) The lift-curve slope and aerodynamic center were unaffected by

the camber and twist. The camber and twist caused a small positive
pitching moment at zero 1ift up to a& Mach number of 1.7.

(b) The drag coefficient for the cambered «nd twisted wing was less
than that for the plane wing at lift coefficients ebove approximately O.l

up to Mach numbers at which the component of the free-stream Mach number
perpendicular to the leading edge exceeded approximately O0.T.

Ames Aeronautical Iaboratory

National Advisory Committee for Aeronautics
Moffett Field, Calif. T
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TABLE I.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A PLANE
TRIANGULAR WING OF ASPECT RATIO 2 WITH NACA 0003~63 SECTION

(&) Geometric characteristics
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TABLE I.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A PLANE TRIANGULAR WING OF ASPECT RATIO 2 WITH
NACA 0003-63 SECTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel
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" PABLE IT.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A PLANE
TRIANGULAR WING OF ASPECT RATIO 3 WITH NACA 0003-63 SECTION
(a) Geometric characterlstics

All dimensions shown in inches
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(b) Data obtained in Ames 12-foot pressure wind tunnel
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20.15] 917} .361]-.057|| 20.15} .923} .3332)-. 20.15} .937] .3243}-.0%

22,16| .97#| .37T1|-.070{l 22.1% .3852] -.124)| 22.16] .991| . -.071

24,16} 1.021] M11f-.088) o -.005] . «.002]1 24.16} 1.02k] .kkT0|-.099

£6.17] 1.052] .5011]~.102 26.16] 1.023] .M893)-~.108

28.17} 1.038] .3410f-.113 28.17] 1.043} .5¥57]-.115

0 -.010] .0OM1} .018 o -.010} .0072] .00L
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TABLE IT.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A PLANE TRIANGULAR WING OF ASPECT RATIO 3 WITH
NACA 0003-63 SECTION - Concluded

ined in Ames 6- by 6-foot supersonic wind tunnel

(c) Data obta
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GONEARENTTET. NACA RM A53A30
TABLE IIT.~ GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL
DATA FOR A PLANE TRIANGUILAR WING OF ASPECT RATIO 4
WITH 3-PERCENT-THICK ROUNDED-NOSE SECTION
(a) Geometric characteristics

All dimensions shown in inches

18.69

- — L 7 _6’2‘32 :_ -_:;_L,
r N ? e ———
C —»
5.2,
- 18.05 18.69 ——»
4693 ————————»
1=59.50 -
Aspectra.tio.........._......... ...... .............‘l
Teper ratio .« « ¢« « « “ 6 e 4 s s e s v w8 se s « e 4 e 8 e e e e e 0
Airfoil section (stremise) ......... 3-percent-thick biconvex with elliptical nose
Total area, squere feet . @ s e e e e 1 s s s e s e .« . " e e e .. 2.h25
Meana.erodynamicchord,c,feet f e e e e e e s e s s e e e s s e e e b 1.038
Dihedral, degrees . « « « o » + » « » PO “ . e s e e s . e 0
Twist, degrees . « « ¢ ¢ ¢ &+ o o o & P [ N R . ¢
Incidence, degrees . . « « « & I R ST R .. . . > e e ) « e s O
Camber « « « o « « « . e s 4 6 s s 8 e s 6 8 s s s s e s s s e s e e s None
Distance,wingrererenceplanetobodyud.s,feet c « s s e . e 2 s s s e e e 0O

(b) Data obtained

in Ames 12-foot pressure wind tunnel

& .| % | % o CL o | % a CL Sp Cn < Gy, Cp On
M=0.25 Re=2,7x10% M=0,.60 Re2.7x10% M=0.25 R=g.1x208
0 0,010 ]0.0066[0 0 -0.010{0.0072|0 s} -0.009 -0,001
-.73| -.047} .0203] .002|| -.7L{| -.052} . 001l -.T1]| -.0m%0 +003
o- | -.010] .0072|0 o -.010f .0OTh[-.001 )1 O ~.010 -.001
1.00] .O4T) . -.008|{ 1.0x] .o054] . -.007|§ 1.00 -.005
2.00] .107| .o104|-.009]|| 2.02| .096] .0102|-.020| 2.02| . -,009
3.00] 174} .0148}-.022} 3.03| .173| .0l49}-.016 E.o3 179 -.013
h.00| .231| .0211{-.023|l L.ok| .231| .0213}-.018 .Oh{ .228 -.016
5,00 .290| .0266|~-.005]| 5.05} .310| .030T|-.021f 3.05] .290 -.018
6.01| .345| .0395|-.006|] 6.06] .371] .oh26|-.023 ) 6.06] .3%52 -,019
g8.01| .h60| .0665(-.006| 8.08} .h77]| .0685|-.023 ] 8.07] .hSh -.017
10.02| .545 ~.013|{20.09f .58%| .1040}-.022}10.09| .%61 -.015
12.02| .633| .1317|-.022]|12.21| .670] .143k|-.026|{12.10| .64T -.016
14,031 .7i#| 1749{-.01h(j1k.22| .THE] .1 -.03% llik.12] . -.019
16.04| .782| .2200|-.020]26.13| .T96] .2324{-.0%53][16.13]| .T98 - 002
18.0%| .839} «27h3|-.cu8118.13| .815| .2721]-.080|[18.13| .839
20.05| 87| .3227|-.072ft20.28} .BWT| .3179(-.093 |{20.14}| .872
22.06] .896| .36531-.079)122.2k| .B7H| .3638]-.203 ||22.14k]| .88T
2h,07] 911} . - 24,141 .882] .hok9f-.112 fl2h.15) .91
26.07T| .919| .B559}-.006} © ~.005| .0078)-.00k ||26.15f .9uk
' 28.08] .928| .5008}-.101 28,15) .958
o -.010] .00%8}-.002 " o -.012

?
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ROUNDED~-NOSE SECTION - Concluded

c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

NACA RM A53A30

TABLE III.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A PLANE TRIANGULAR WING OF ASPECT RATIO 4 WITH 3-PERCENT-THICK

(
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All dimenslons shown In inches

to——

TABLE IV.- GEQMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A PLARE
TAPERED WING OF ASPECT RATIO 3.1 WITH 3-PERCENT-THICK BICONVEX SECTION
(a) Geometric characteristice

NACA RM A53A30

1642
1 52 238 [l Y
R e ] e
x 3
&
1947 243
5.68 —
5.95
— 15.32 —
46.93
7= 59.50
ASPect FALLO « o o o ¢ s ¢ f 4 s e s s 9 et e e s e s e s s e e e 3.08
Taper TALIO o o o o « ¢ s o & o 6 o 6 s o s 0 s s v e . e s e s e e s . s 4388
Airfoll section (streamwise} . . . « « o« v « & » . 3-percent-thick b vex
Total erea, aquare feet . . « « & ¢« ¢« s o » o » W s e e s e s e e 2.425
Mean aerodynamic chord, G, feet . . . « « ¢ ¢ ¢ ¢ v ¢ e b o s e a4 . 984
Dihedral, degrees. -« « « « s o s » = o “ s e e e e s e P T S S o]
Twist, degrees « o « ¢« v + ¢ v+ « o o ¢ ¢ 2 o o = L 0
Incidence, degrees . « + « « 4 o ¢ o 2 b s e v e P R T N S ]
Camber + ¢ « o « o & o ¢ ¢ o + ¢ & v s s 4 s s w8 s s s s w e s e e None
Distance, wing reference plane to body axis, feet . . « ¢ ¢« ¢ &2 ¢ o ¢ o & « [¢}

(b) Data obtained in Ames

12-foot pressure wind tunnel

Jalole=]-lalo[a]-la]o]a]-Tuls]a
M=0.25  Re2,hx10% M=0,60 Re=2,kx10° Me0,25  Rml,6x10% Me0,25 Re8,3x10%

o =0.008|0.0158 |-0.002] 0 =0.0090,0094|~0.,001L | © 0,011 [0.0093|0 0 =0,013|0.0086 |-0,002

~.76| ~.052] 0092} ~.003[ -.71} -.05k| .0087| -.005] -~.76} -.055] .0092[~.003{ -.T6} =. 0087 | ~,00%

0 ~.013} .,0088| .001] 0 ~4010{ .0093} ~.00L [ © =.012| 00940 0 -.012| ,0085| -.001

1.01| .ou2| .008] .006 1.02| .053| .0095| .005| 1.01| .ok2| .0092| .005] 1.01| .055| .0089| .005

2,02| .110| .om11| .012§ 2,02} .1l0f .06 .0l0f 2.02] .103}{ .0111| .0l0f 2.02] ,105] .010k]| .009

3,03 .168( .0157| .023[} 3.03| .172} .O154| .025( 3.03| .169| .o154| .016§ 3.03| .162{ .0M39| .OLk

h.ohi .226| .0213| .o21{ L.oh| .247| .0224| .020) L.Ok) .223] 0206 .O22f h.Ok| .220| .029%| .OLT

5.04| .277| .0280| .026f5.05] .312] .0309| .025 | 5.05( .285| .0282| .026] 5.05{ . 0276| .023

6.05| .338} .0378} .031) 6.06| .38%| .ok25| .02} 6.06| .351| .0386) .028} 6.06] .3 O37T| .027

8.08| .n8[ .0681| .029|l 8.08) .519| .o7hT] .016] 8.08| .k79| .0669] .o02T] 8.08| .hW85| .0679| .02l

10.10| .615| .1095| .ookfro.lo| .639) .11T1| -.015 f10.10) .613] .1l08k .oo#gg.lo 630 .1103| =.002

12,11) 6971 .1%66| -.0n6M2.11f .682| .1552| .05k {12,11| .Tolh| .1363)-.0h8R1.11| .6B6| .1347| -.02%

w.21| 724 .1888| -.068k.11| .695) .1883] .otk {1h.11| .712] .1892|-.0T3] O =.01k] . ~.003

16.11| .T2| .2186] -.07T{16.12| .702( .2183| -.078 J16.11] .To0| .21561-.079

18.1t| .7o%] .2452) -.oThM8.12] .726| .2545) -.081 [18.131| .706] .2434]-.078

20.12| .725| .2802| -.078J20.22{ .732| .2870| -.078 {20.22| .7LB( . -.083

22,12{ .T7.}'.3283) -.081f22,13] .781| .3367]| -.08% [22.13| .79} . -.083

2k.13| .817| .3796} ~.086M2h,13| .Bk1} .3958| -.099 ]2L.13| .825| .372%(-.086

26,14 .84%5| 4302 -.094§26.1k| .8B0| 45T8] -.206 §26.14} .85k| K =.091

28.1%| .855| J4727| -.100028.1%( ,90L| (5O1k| -.110 [28.14 .B6L| .L76B[-.099

o -.010| .009k4| -.001] 0 -,005| .,0103| ~.003 | © =.007| .0100|=.003
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TABLE IV.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA

LTCONVEX SECTION - Concluded
-foot supersonic wind tunnel

~THICK

3~-PERCENT

FOR A PIANE TAPERED WING OF ASPECT RATIO 3.1 WITH
(c) Data obtained in Ames 6- bv 6
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64 GONEEDENT TAL NACA RM A53A30
TABIE V.- GEOME.TRIC CHARACTERTISTICS AND WIND-TUNNEL DATA FOR A
PLANE 1!-5 SWEPTBACK WING OF ASPECT RATIO 3
WITH 3-PERCENT-THICK BICONVEX SECTION
(a) Geometric characteristics

All dimensions shown In Inches

16.20

/ / T ——
- - y - '1 — - =
'3 h ] Ll -
[—— ) ——
a-
- 694
N
543 |
18.05 .20 ,a/7~’
4693
< 1=59.50 >
Aspectratio............ ....... P N 3
Taper ratio « ¢« » o o + « e s e 8 8 s s e s e s s “ e s s s S 3
Airfoil section (atreamwise) e s s b s s s 8 s s e s 3-percent-th1ck 'bieonvex
Totala.rea,sq_uarefeet....... . e A s s e s s e s s e . . 2.430
Mean aerodynamic chord, &, feet .« ¢ « ¢ ¢ « s « o = ¢ o ¢ « ¢ » c e e 986
Dihedral, degrees. e 4 6 s s w o s e e s 8 8 s e e e ae «« 0O
Twiat,degrees......................... e« 0
Incidence, degreeB o « « o o ¢ ¢ o« ¢ « o o o ¢ s 5 o 0 o s » & & . o]
Camber « « ¢« o« s ¢ o o 6 s s s o & P T T S S S O O « Kone
Dist s wing ref plmetobodyuis,reet....... «se 0

(b} Date obtained in Ames 12-foot pressure wind tunnel

= Jo [op Jom J o oo [ o Bo oo [o Ju Jo Jo Jo fa

M=0.25  R=2.5X10 He=0.60  Re2.210 H=0:25 R=k.TXI0 M=0.25  R=8.1x10

® [0.007]0.0062[0 0 |-0.005]0.0082|-0.002f O  ]-0.010[0.0083]0 0  [0.015]0.0080 [-0.00L
-.T11 -.ok7{ .0070] .00L{l -.T6| -.04T| .0089 [ -.002] -.7r{ -.0kC| .0085}0 -7 | ~.053] ,0085| ©

0 -.007| .0062{0 o -.006] .0085| ~.002f © -.010} .0081|0- o -.01k! o0081! 0
i.01} .027| . «001§ 1.0%L| .OkL| .008L} o 1.00| .026] .00TT| 002§ 1.00 | .032] .008k]| O
2,01 .09%} .0085/0 2.02{ .098} .0103| -.002[| 2,01| .080{ .0100] .001f 2.01 | .089| .0106} O
3-03 «158] .013810 Egz 73| 0134} -.003)l 3.02f{ .139| .01k0f .corj] 3.02 | .1k9| .OLEB[ O

.03] .2k .0287|--001§ k. 229} .0209| -.003|l k.03| .209| .0199|0 k.03 | .23| .0199| -.002
5.0 | .278] .0269(-.003]| %5.05| .312| .0313| ~.010{| 5.05| .283| .0287|-.0084 %.03 | .270| .0270| -.00k
6.05| .34k| .03TT!-.00T| 6.06]| .37k} .0h21] -.01klf &.05| .330| .0370|-.005% 6.05 | .324}| .036L) -.006
8.08] . 0660)-.0084 8.08| .ho3| .0709{ ~-.0LT]l B.07| .k67] .0662|-.008f 8.07 | .A5T| .06h1]| -.009
10.09] .3 .0979(-.002f 10.10| .3568[ .106L| =.013}110.09| .%69| .0990}-.0034 10.05 | .57} .0985| -.006
12.11| .660} .1387| .001ljf 12.11] . k65| -.013} 12.11] .6%| .1378] .ool|l 12.11 | .6%9| .1366| -.003
iha2| .7h2| .1827| .00l 1k.12| .769| .1935| ~.0L9ff 1k.12]| .T50| .18M2|-.00L}j 13.62 | .72B| .16k1 | -.003
16.13} .81k| .2315|-.005] 16.13] .807| .236k| -.038)§ 16.13| .832} .2359|-.006|| © .011| 0084} -.001
18.14 | .84T| .2787|-.ouh§ 18.13| .826| .27%6| -.057H18.1k| . .2819] -.036
20,1k | .867..3206|-.0550 20.14 | .B53| .3200 | ~.068}1 20.1k| . .3287| =058
pa.ik | .B9l| .3660{-.0561 22.1% | .873] .3636] -.07hll 22.15| .91% .3739 -.058
2.1k | ,910| .M117[-.063)f 2h.1% | '.B91] .kOBT | -.080| 2k.15) .931| .k188|-.
26.1% | Jokk| .4663]|-.069[ 26.15| .90T| .h4552| -.084{| 26.15{ . 4642} -,.063
28.15| .9k8 51;{ -.a78[ © -.003{ .0093 | -.005]| 28.25( . 5070} =072

0 ~.00T} .005%{0 o -.009] .008k| -.002
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9Q

TABLE V.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A
PLANE 45° SWEPTBACK WING OF ASFPECT RATIO 3 WITE

3-PERCENT-THICK BICONVEX SECTION =~ Concluded.
(¢) Data obtained in Ames 6- by 6-foot supersonic wind tunnel
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TABLE VI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A PLANE
RECTANGULAR WING OF ASPECT RATIO 2 WITH 3-PERCENT-
THICK BICONVEX SECTION
(a) Geometric characteristics

All dimensions shown in inches
unless ortherwise noted

' -—--~~-
3 28] it
, -__——_
———————— ¥ ————>
———  ————
—20.25 ——/3.23 —=
46.93
1 =59.50 -
Agpect ratio . . . . ¢ ¢ v . . W ® 4 4 e e s e s e s 4 s s a4 e s s e e . « 2
Teper Tat1o o v v 0 0 0t ot e et e e et e e e e e e e e 1
Alrfoll section (streamwise) . . v v & v « o « o .+ . + 3-percent- thick 'biconvex
Total area, square £e€te « « « o « v « o o o « o « . e e e s e e s . e 2430
Mean aerodynemic chord, G, feet .« « o « o « o o« o o e e e v s 8 s s a s 1.102
Dihedral, GEEreeB8. + « 4 ¢ « « « v o o o o s s o o o o o o » “ e e e s e e . o]
Twist, degrees « « v « ¢ v v o« & « & " e s e e w e e e s o e o o o . 0
Incidence, GegreeB &« « « ¢ & v v « « ¢« o o o o o “ e e 4 e s s e e s oae . 0
Camber . « ¢ & ¢ 4 4 4 4 o 4 4 4 o b s e e e e e e s + ¢« s s 2+ o s o« o None
Distance, wing reference blane to body axls, feet . . e © e s s e s e 0o



67

3~PERCENT-THICK BICONVEX SECTION - Concluded

FOR A PIANE RECTANGULAR WING OF ASPECT RATIO 2 WITH

TABLE VI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEIL DATA

(b) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

NACA RM A53A30
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TABLE VII.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEI, DATA
FOR A PLANE 45° SWEPTBACK WING OF ASPECT RATIO 2
WITH 3-PERCENT-THICK BICONVEX SECTION
(a) Geometric characteristice

All dimensions shown in inches
unless otherwise noted

| 13.23
D AR & + ==
X T ——
—of g
6.6/->
18.05 19.84 ———
46.93 -
—1=59.50 -
Agpect ratio . . . . . . © 5 o o s e 8 & e s 8 s 4 s s s e e « ¢ e s s e . 2
Taper ratdo o ¢« o ¢ o ¢ o ¢ o o ¢ o o s s o o o o a o o s o o s s s s o o 333
Alrfoll section (streemwise) + « « « ¢ « ¢ o ¢ o o o 3-percent-thick biconvex
Total area, square feeb. « « ¢« ¢« ¢ ¢ ¢« ¢ ¢ o o o ¢ « o s o o e e e e s 2.430
Mean aerodynamic chord, €, feet .« . « . . . . e e s e s e s e s e e e 1.194
Dihedral, Aegre€B =« &+ o « « o o s o » o o o o o » e s e s e e e o 4 e e e 0
Twist, degrees o s e e s e s e e a st e s r e s e ¢ s s s s e e e e s o
Incidence, Aegrees « o+ o « o o o ¢ s = s « ¢ o« s o s o s s o o o “ e e e e 0
Camber « o o o « o o o o s s s 4 e s s 4 6 s 4 e e s s e e e e s e e None
Distence, wing reference plane to body axis, feet . . . ¢« ¢« ¢ ¢« ¢ ¢« ¢ o & & 0

SONNIDENRET:
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TABLE VII.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEI. DATA FOR
A PLANE )-|-50 SWEPTBACK WING OF ASPECT RATIC 2 WITH
3-PERCENT-THICK BICONVEX SECTION - Concluded
(b) Data obtained in Ames 6~ by 6-foot supersonic wind tunnel

cjajolafefafofa [e[aflofae fe[afafa fcfalafulcfafala
H=0.61  A=1.90* H=0.TL  B=l.9x10% M08 Rel.0® We0.91  Rel.a0® ¥=0.93 Ml.ac® Nel.20  R=l.a0%
-0.27 {0,020 0.0071 |-0.001 £-0.27 |-0.019 1.00T7 [-0.002}-0.£7 {-0.019 [0.0078 |-0.003 §-0.27 1-0.012 b.008e {-0.007 f-0.23 {-0.009 [0.0085 -0.27[-0.028 |0.0123 |0.003
-.%%) -,03L} .0072 | -.002] -.%] -.0%0 | 007k | -.002F ~.%% | -.029 | .0QTT | -.003 -.5k ] -. 0082 0081 -.53} -.0b5] .0133f .
- T9] -.0k3 811 -.chs 82 .0080{ -,003 -.81] -. 0080 +0083 -.80| -.060| .013s] .008
-1.06 0082 | -.002(FL.07| -.086 { .008T -0066 -1.06} -.076] .01h0| .010
-2.13 <0100 | -.002 [+2.17 | -.221 .0113 -2.11] -.10f 76| 019
-3.19 .0158| .001l3.23} -.193 0165 -E.u -.207| ORI 029
b7 0236 .ooellh.3kf -.271 «0Ch8 -h.191 -.218| 0328 .0M0
2 -007T] © 21| .o02 081 - .23] -.003) .ol21)0
51 0077 | © a1 .o .0082| . 47| .015] .o128f-.003
.76 -0080| 0 78| .ok .008h [ . 8| .032( .0139]-.005
L.Gh 0080} 0 1.06] .039 20083 | o 1.03| .ok8] .0L37{-.008
2.11 .0z03 | -.00L z.g .10% o1r0{ .coif 2.09f .112| .o83{-.018
.17 LQLSL| -.002)| 3. AT «Q160| - 3.13| .180| .0218|-.006
b.25 0222 | -.00k)| h.31] 247 .0239/ -. k18] .247] .0292{-.038
6.35 Lobk7 | -.012[{ 6.58] .18 .%3 - 6., .352| .0823]-.066
8.87 SOTTO | - B.61| .58 ~0863| -.okzd 8. -5ho| 0865 -.00k
10.568: 21201} -.0: 10.38] .68%( .1323(-.121
12.67 1629] -.
1hTT
16.80
17.82)
=1, R=L. %105 Wel. 50  E=l.920% M=1.50  ReL.A0% Hel, 108
-0.27 [0.013 | 0.00€)-0.27 }-0.016 J0.0131 | 0.002|}-0.27 |-0.018 [0.0L18 jo.0118 o,
=53 .O1%5 | .00k -.Tg -.029| .0130| .ock -.Tg -.0%0| .0120 0119
=791 .oLhT| .o0tf -. 78| -.ok2| .o135| .006[} -.78) -.0M3] .0a22 0121
-1.05 .gﬁ .005)-1.03 | -.057| .otho]| .009[}-1.08] -.09 ] .on2m .0lzk
-2.10 K 01Ef-2.09 | -.109 | .0u87 | .018[{=2.09| -.105 | .o13m oL
-3.1h 23] .026f-3.13] -.262| .0216| .o@6|1-3.08| -.155 | .00 0136
-k.17 .0308| .oMClh.11{ -.21h | .028h| .039|}h.12{ -.205 | .026T <025k
W28 o137 | -.of .21] .oom| .0r8| -.0c2(l .21] .ooM| .01 0312
A8 -0k ) -.00hf k8] .021] .o13) -.ock -38] .018] .01 051k
oTh ows| -.007fl 7h| .033}) .0133 -.008 .TA| .03 gﬁ 0317
99 .0lb5 | -.01CH 1.00| .OKT} .0139| - -99| .03 . 0118
£2.08 JOLTHh | ~.02E(} 2.0k | .099) .C162] -. 2.0k .091| .OIAS +OLks
3.13 018 -.029/ 3.08| .1%2 ﬁ - 3.08] .1h| .08 0186/
k.16 .0a82] -.ohcl har| .205) . -.038|f k.10] .289) .0e33 <0245
6.18 CAT9 | -.06a] 6.1T| .310| .CH60f -.06C)| 6.15| .283| .ok2T «Oh12
8.2k 0750 | -.006) 8,91 ;g one} -.082)| 8.20| 376} .0663 +O6kS
10.30; 21096 | -.11zf0.26[ . .1037} -.103fho.28| .A&9} .0963 -0930
12,36 o1 -13602,32] .&10] .1hk3] -.128(h2.20| 598 .1327 2283/
1%.k1 . -.1568k.38 | .703| .1906] -.1M8}AN. 38| .632] .176B I i
6 g =11 6.2 | .799] .@hhg| -.165[16.39| .T3T| .22%8 «218%
17.%9 . -.186T.k5 | .BY0| .273L| -.AT7|p7-M2] .780) .25 2439
W=0.61 Be=h. B<10% Ne0.81  B=k.8¢10° N=0.91  B=h B=h 810
-0.291 o.co89 o007 -29|-0.018 [0.0088 0030 o
-85 <0052 0068 -5%| -.033] 0088 «00E9!
-.83 +009h ~0090 -.83| -.0x8| .009L +005Q
-1.12 0099 0056 1.17] -.065 | .0098 0059
-2.21 0130 L0131 2.30] -.133] .0L3k poxn
-Eea 181 187 3.42] -.205| .0193 ~0201
Ry «0259 -0270 453 -.202| .20 03021
2 0091 0082 22 .007| 0089 00921
54 0092 | - 0089 st .025] 00| - 0090
.83 .0092 0083 BE .032] .0088 005,
1.10) 0096 0093 1.1kf .058| .o096 0098
2.2 0123 0126 2.27] .1e0} .08 0132
2.29 0172 «0L73 3.m| .195f .0188 01901
k.o .02k 02hg| - komf .270] .oR70 0283
6.60! 0hE8 ~ONGk 6.84§ Mho} 0773
8.79 0788 cBhe 9.0T| .566] .09%7
10.96 .1198 <1295
13.13
. l | °=| ﬂ"'
Hel. X170 B=k.Bx0®
l-0.28 |-0.012|0.0193 -0,261 ~0.01% 0.013C]0.002
-.58 - re . +O0h
-.86 - .olg 006
1. - .o1k2| .
]z"ﬁ -.104 .0L70 03
-3.80 -.187] .c21h| .c21
k.38 199 .0278] .03T
22 o «0L33}f-.00%
51 K -0L36} -, 008
.80 .033 .o13)-.007
1.08 o 01h2} -.009
2. K ~0188] - 016
3.’2{ oL o -.06
h,ﬁ 28] . -.033
6.9 . - o =<0
8. . E -
.Egs +098; -.3792
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TABLE VIII.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A
PLANE TRIANGULAR WING OF ASPECT RATIO 2 WITH NACA 0005-63 SECTION
(a) Geometric characteristics

1700

All dimensions shown in inches
unless otherwise noted
4
" et % =306 I —
r ~— L P
¥ 63°26' 4
le—"
e— /[ 33 —
212 3400
6044
1=76.50

Aspect T8E10 » 4 ¢ ¢ 4 4 e 6 0 e W e s
Teper ratio . « « 4 . .

Airfoll section (streamwise) . . . . .

Total area, square feet . . . . . . .
Meen serodynamic chord, ¢, feet . . .
Dihedral, degrees .+ « « « v o & & o &
Twist, degrees « . « v ¢« ¢« ¢ v v v & &
Incidence, degrees « « « « o o o « o »
Camber + o« « ¢ o ¢ v o o o « « o o« & &«
Distance, wing reference plane to body

e s e O
NACA 0005-63
. o h,01k
. . 1.889
. e 0
e v .. 0
. - L . 0
e «» « None
« s s s O
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TABLE VIIT.- GECMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A PLANE
TRIANGULAR WING OF ASPECT RATIO 2 WITH NACA 0005-63 SECTION - Continued
(b) Data obtained in Ames 12-foot pressure wind tunnel

Tale (o [[wlalal-la]s]= Telola[-lulol=
He0, b0 Bel.w20% 0,60 Bel.10% He080  R=l.Sei0¥ Me0.50  Rml.310° He0.95  Ral.»aod®
0 0.002]0.0035 0053 [ 00210.0057 [0 o [-0.008{c.006k[0.002 § O [-0.005
-3,03}-.131| o111 0117 -3.0k{ -.1hM .0123| .023 -3.0h{ -.15% .okl .oer | 3.05] -85
-2,02]-.085{ .008% 0091 -2.03{ ~.09% .009%3| .016 -2.03] -.. w7} 019 | 2.03| -.113
-1.01[-.003] .co80 20075 -1.01] -.051 .coTk| .c09 -1.02] -.056{ 0019} 011 | 2.02| -.097
o. |o 0028 20097 ] ~.008{ .0058j0 . -] -.006| .008Lf 001 | ¢ =008
1.01) .ok3| .coe8 0039 Lol «0063{=.00T .o} .oM8| .0072{-.009 | 1l.01| .cW8
2.02| .088( .0063 «COTT 2.02( .085| .0087|-.0Lk 2,08 .09%| .00s0}-.al7 | 2.03] .099
3,03| .121( .0082 .OLLL 3.03( .130] .Cllk}-.020 3.0h| .186( .0030{-.026 [ 3.0k| .157
&.05| J266( 0115 L8 »03| 177 .g -.0=8 %03 g %ﬁg -.036 | k.06 .22
5.06] 212 0186 0210 3.06| 230 . =036 5.07[ o ~0h3 | 5.0T| .2Th
6.07] 26| .02n6 0259 6.07| .282] .0312|-.0h% 6.08] .303} .0336{-.0%% | 6.09] .39
8.10| .362| .0438 0307 |--052 | 8.11| .36| .0360|-.063 8,111 k8| .0617f-.080 [ 8.12| .M56
10.12] Wl o132 «0750{-.065 §10.1%| .%0%| .06T8|-.079 10,151 551| .o978|-.107 [10.16( .%O7
12.13] kS| 1037 a3 (.08 §12.15] .26l 1083 -.gz 12,18f .67k .24301-,135 | O 005
w.17| 6wl 30 £ e -.g;r 11T] 65T 159%|-. 1k.20] JTRL .@_-.151
16.204 1932 -4 201 200531 =+ 16.20{ .768 .21%8|-.107 is.e1] 81} . -136
18,221 B‘; m.éué -9 |15.23] Auk] .26k3{-.1oh l1B.231 66N .2773)-.12T [ =006 L00FS s
20.25| 934 (k2| -, 20.25] .93 .3M3i-.110 [20.25 ggg #36T|-. 153
22.97]1.016( 3831 | -.113 [=22.27) 1.026| .howo]-w220 f22.28) 1. Seas-.156
o4.29{1.105) 4630] -.121 [2h.30| 1.133| .aoMk]-.131 §2k.30] 1.127| M9TB[-.163
a o02| ,ookk| O Q -.007] .0053] .00L | O -.008 .00601{-.002
He0.2h  R=3.0x10% HeOM0  Re3.0x10% He0.60 B=3.0x108 Be=3.a0% =0.50
] 00k [0.0039 | 0.00L o 0.002 0,005 001|0.c0o7| 0 006110.001 ] 001
-3.03-.125! 0109 .026 §-3.03| -.129] .0200 0104} (018 |-3.08f -. 0116 S01221 o2k [-3.0k| - 149
-2 08| o8k 016 [-2.02| -.005 w oo82] .012 [-2.02] -.092| .0069 0053 a5 [-2.03| -.097
=1.01{ ~.ohk| .0029] .005 |-1.0L| -.0k2] . 0063 006 f-1.00) -.0&3] .00T0 .0070{ 008 [-1.0i] -.0%
o |-.cok| .c0u5| 001 | o -.001{ 005K 0 O5510 o -.003{ .00% «0081( 001 | O [
1.01] 02| .c0%2|-.003 | 1.00] .ONO| .COEM «0052|-.001 | L.0L| +008T «0068{ - .006 1.0L| .Okk
2,08 .081] .0070 | -.12 | 2.02| .o78] .0OTH «o73|-.0m1 | 2.02| .089| 0085 0086 -0y | 2.02
3,08} 19| 0097 |-.013 | 3.03] .21k L0093 .0100j-.017 | 3.03] .133| .ollo .0216{-,022 | 3.03{ .1k3
.08 .162| .0137|-.022 | k.0M| .15T| L0127 .01h0]-.0eh | k03] .18%] .o1% ,0164{-.030 | k.0M{ .196
208 0193 -.027 | 5.03} .195) .ox72 .0287[-.031 B 5.06] .232| .c217 0232 -:3 5.05] 2501
24T| .0ak3 | -.03% § 6.06] .283| .0225 c256]-.038 I 6.0r] .28s] .0303 032t |- 6.07{ -3004
B8.09] .3kk| 0420 | -.0b8 § 8,09} .300] .OKIL ©Ok53]1-.052 § 8.10| .39 0311 O35 -,066 | 8.11{ .hloy
10,11 (k3| 06%0 [ -0 FlO.IL| .KI6] 0626 071 i J10.13] .A8T| 0525 0B85 10.2%| 1M
12,18 J52k| 0960 ] -.070 [12.13) .%09| .09%0 1033(-.067 [12.1%| .56k| 1152 . -.082 [10.6] .63
1k.16] .620| .13% 14164 .602] .i.g-- o1kkk)-.073 J1k.1B| .56T) .1613 .. =103 [ik.a9| 696
16.19 g 282k 15091 7181 . 1938]-.092 [15.20| .773] 2161 o - 16.21| .80%
18.21] . 230k 18.21| 812 .2389)-. 251k|-.206 [18.23( .872} .2768 « -1kh 118,28 89T
20,24 .502| 2967 20,24 | .916] .30%3 10{-.121 [20.25] .938] .33%7 aug-as2 o =00k
(26) 986| 3661 22.26| 1.006{ 3750, «3TH2|-.13% [ 22.26| 1.003{ .3068 . -.163
24,28({1.073| .M423 24,28 1.086) k%03 J45h8{-. 10T | 2N.28] 1.061] hSEL o 001
0 |-.002] 0039 [] -4001} .oosﬂ .0058{-.001 | © -.002{ .0058
= [ & (9 e o | ® |G
W=, H=0.23  B=5.0010% 0,25 Pal. W
[ =000k G -0 0.0067 |o.0a2 L0076
-3.0k | -.159| .01x8] .030 f-3.03} -. “a27) 017 L0123
-2.03 | -.108] ,0108| .020 }-2.02| -.085 | .0103] .01 0107
.01 | -.053| .0087| 010 |-1.01} -.0kk | .00B3| .006 0081
] =00k .:Z! 002 § © =002 | 008310 «CO7|
1.01 | .ob8| .0083|-. 1.01| .03 | .0088] ook 0079
2,03 | .097] .0203{-.0LT o2| .of9 | .o08s] .ow 0085
3 J1k7| .0136{-.027 | 3.03{ .28 | .ol05] .026 o107
X «203] 0LFk]-. h.ok] 160} 013 .020 «0l2g!
EX 239{ .a2Tk|-. 5.05| .20k | .o172| .07 0160
6. <36 % -.065 | 6.06| .2a | .om2| .03 0200
8,12 A%6] . =+103 W09] .330 [ .03%%| (045 -0323
10,16 | 587| .1108{-.11 J10.33| .k2k | .0%01f 05T 0336
a9 | W897) L1887-.172 1201k J513 ) L0886 067 0862
14,21 | Gok| 2125|..800 §1k.15| 586 | .12an .gg <1249
[ =008 (0OTL{ .oc0 §16.18{ .69@ | .1TOM} . +17Lh
8,11 ,7688 | .2235] 098 «2238.
20.2%| .658 | .2902| .10 2845
2.86| .99% [ .3508] .12 <3532
2h.28| 1.072 | 3334 130 <4280
[ -.006 | 0072} .00 <0075
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TABLE VIII.~ GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A PLANE »
TRIANGULAR WING OF ASPECT RATIO 2 WITH NACA 0005-63 SECTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

sl o Jou « log Jop Joua N aTop Towo Towl ol [ o [ el [ [ow] = Joc] o [on

M=1.30 Ral.5x10° M=l.50 Ral. %108 M=l.53 B=l.5x10% H=l.60 E=)l.%A08 Mel.T0 Rel.10% Hw0.61 Ra3.0x108
=0.01{-0.012[0.0129]0 o -0.003 § 0.au19fo.002[l0  fo.ookfo.crak .ooag o.0nkki-0.001 | o 1001 10,0135 [0 o o.001]0.0068]0
-1.02| -.060[ .0136| .0 =101 | -.046] . 013 f-1.01{-.082| Q129 - 01461 020 [ -1.02)-.033 0193} .008 § -1.06[-.0k3| .00TS] .006
-2,03] -.108 .0168} .0 -2.03| -.051) .01%0f .02k l-2.03]-.086] .o1%2 -.083 | .0185] .02 |-2.03}-.073{ . 019§ -2.13}-.090{ .0050f .c13
-3.03] - 0188} .036 |t -3.00{-.. 0186/ -2k | 0199 .032 ) -3.08{-.123] .0178) .0R8 [ -3.19|-.133[ .on12} .019
° -.00h | L0126} .02ff 0 o 0126 002 ma: ¢ -b,061-.193| .0220] 03BF ¢ |0 0070{0
1.02| .obi| .0133]-.009 [ 1.01f .ok3| .aa3k Okt 01R1) -011 0 © 00L| .Ol1k| .0 2.07} 048] ,0078(-.007
2.03| .086| .0136}-.020 [/ 2.03) .088| .01 08k | . -.022§ 1.0xf .039] .0119f-. 2.k og 0096 [ -.01h
3.0k | 132 Oé?; -.0 3.0k . az?j Jae7 0140 3.2) .1h2] .0128]-.020
k.o; 279 | Jo2ksi-.0k3 |l L.o6| .173( . 169 h2s] 177] .0195]-.026
4.0 o 0313]-.053 1| 5.07] a3/ .0310 211 5.;% 226{ o217 -.gik
6,001 271} .0396{-.067 i 6.09| .259 :gﬁ 2% 6.40] (287 ::‘1522-. o
7.62} .37] .0%63]-. 7.62| 327 329 8.00/ E” 0%
9.k | J6) .0769{-.103f 9.1k E;w 07, 378 9.6 k37| .0708]-.002
10.68 10134~ 10.66| .hh7{ .ooln-. :32 1L.21] 00| 093k|-.068
12.20 48| .1279]-.136112.18{ .503} .1193{-. B 12,82 5TM .1234]-.07%
13.73 £12) 1%86f-. 13.71 5621 .2A6T| S50 1k kh| .65 .2504]-.086
13.5| .67%| .1922{-.166(|15.23] .&9| 1777 603 26.08 .13} .19891-.096
1678 R . -.179 |116.76{ .612| 207, 656
2B8.29] .726{ .2K76 70T
19.821 .T76] 2067 g%
213k} 8261 . 807
22.86] 812} .37h9| 85
0%
H=0.81 Re3.0x10% H=0.92 R Hel. W0
0.001]0.0069 0 o [
-1.06( -.0k2] .0073| .006 | -2.13 -1.03{-.0%6
-2.13| -.090| .009L| .01k || -3.22 -2.0% -:?gz
-3.20| -.138) .oi20{ .023 { -3.07 -3.08}- -
0 001 00630 ° o b
1.08| .0ok3f .00781-.008 [] 1.08 1.02{ .0h3 _
2.1% og £0100 -.g;z 2.16 2.05] 087
.22} .k oamf-. E'a e.o’r 132 3.07 =
5,30 .198] .0183|-.0 ﬁ 10| 78 k.10
5'% 286 0261]-.053 | =, 5.13} 227 5.13
6. 221 .0362)-.0%2 § 6.49 6.16] .27h 6.16
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-2.13]-.088| .0268| .022 ||-2.12{-. 0162 .022 [[-2.12)-.079| .0260] .020
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2.1k . 0173| -.02k [ 2.24] .053[ .0167| -.02h [| 2.13| .086] .0186] -.021
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R L2715 ) Johx2] -.069 | 6.kA| .266) .choo] - 6.50) 2561 .0 - .
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RATIO 2 WITH NACA 0008-63 SECTION

DATA FOR A PLANE TRIANGULAR WING OF ASPECT

TABIE IX.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL

NACA RM AS3A30
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(b) Data obtained in Ames 12-foot pressure wind tunnel
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TABLE IX.~ GEOMETRIC CHARACTERISTICS AND WIND-TUNNEIL DATA
FOR A PLANE TRIANGULAR WING OF ASPECT RATIO 2 WITH
NACA 0008-63 SECTION - Concluded
(c¢) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

clalowlalelalofaJeJalalalclalola]c]a]ala]e]a o ]|a
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T.61 .igi «0579|-.081 { 7.61| .320 o;-[g -.076 § 7.61} .30} .095%|-.012 § 7.29| .293| .osko{-.0T0} 7 B - .1 m +050% | -.083
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13.70] 366} .1476(-.135 113.69| .329| .1389{-. 13.6T| . ~1375}-.129 }13.69) .hg¢| 1316 -.}g
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TABLE X.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA
FOR A PLANE TRIANGULAR WING OF ASPECT RATIO L
WITH 3-PERCENT-THICK BICONVEX SECTION
(2) Geometric characteristics

All dimensions shown in inches

18.69

7 9433 [ et

_ —_— 3 -

; N f = — AI— ==
x L
&
6.2,
18.05 18.69
46.93
1=59.50

tio
Airfoll section (streamrige)
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[} -.013) . .002 [} - 0098 |=.00L

75



NACA. RM A53A30

TAT,-

76

TABLE X.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA

FOR A PIANE TRIANGULAR WING OF ASPECT RATIO 4 WITH

3-PERCENT-THICK BICONVEX SECTION ~ Concluded
(c) Data obtained Ames 6- by 6-foot supersonic wind tunnel
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TABIE XI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA
FOR A PLANE RECTANGULAR WING OF ASPECT RATIO 2
WITH 3-PERCENT-THICK ROUNDED-NOSE SECTION
(a) Geometric characteristics

All dimensions shown in inches
unless otherwise noted

20.25 13.23
46.93
598.50
Bepect TAELO « o o o o o o ¢ s o @ s s e e s s e s e e s e s e e e = 2
Taper T&E10 o « ¢ ¢ o o« o o o o o o s s s s e e s o 0w e . 1
Airfoll section (streamvise) . 3-percent-thick biconvex with ellip’cica.l nose
Totel area, square feet .+ « « o ¢ « @ e e e e e e e s « 4 o e o 8 » 2.130
Mean serodynemic chord, B, feet .« « « o o o o o o o ¢ o ¢ « o s s o o 1.102
Dihedral, GEErE€EB « o = « » o = « o o « o o o o o o o o s 8 @ o o 2 o000 0
Twist, degrees . « « « » e o o o & s 8 8 s = a w e s e & s s 8 s & s s 2 = » 0
Incidence, dEGreeS « « o o o o o o o « o ¢ o s o o o & o 4 s o s 0 =00 o]
Camber o« o « o 6 o o o ¢ o o o o o o o v o o s o o s s s o o o « DNone
Distence, wing reference plane to body axis s fee'b e o s s ® e v e s s 8 o 0
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TABLE XI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA

FOR A PLANE RECTANGULAR WING OF ASPECT RATIO 2 WITE

3-PERCENT-THICK ROUNDED-NOSE SECTION -~ Concluded
(b) Data obtained in Ames 6- by 6-foot supersonic wind tunnel
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TABLE XII.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA
FOR A PLANE )-1-50 SWEPTBACK WING OF ASPECT RATIO 2
WITH 3-PERCENT-THICK ROUNDED-NOSE SECTION
(2) Geometric characteristics

All dimensions shown in inches
unless otherwise noted

79

18.05
59.50 -
BAppect ratio ¢« ¢« ¢« ¢ ¢ 4t 4 4 4 b e e . . e » 4 o s s s s s o 8 s e s e e 2
Taper ratio . ¢ ¢ ¢ o 4 o 6 v o 6 o ¢ o 4 e e o o 4 o s s e s s s e e 333
Airfoil section (streamwise) . . 3-percent-thick biconvex with elliptical nose
Totel area, SqQUAETE FEEE . v v & &+ 2 « o & o o o o « o s s s v o o o o o 2.430
Mean serodynsmic chord, &, Feet .+ « & « o o « o ¢ o « o o e s e e 0 o s 1.19h
Dihedral, degrees . . o« « « « & ¢ 4 e e o s s s o o ¢ e st e s 4 4 s e s 0
Twist, degrees . . . . . . « . e ¢ s e s e s s e e e e “ s e s s s s e e e 0
Incidence, GEETeEeS8 « « « o o « = o« o « s o o o s o s » o o s s s s o o o« o« o 0
Camber o« ¢« o ¢« o o o ¢ o o « & « s s o o s « o o a o s © e s e e s s o s +« None
Distance, wing reference pla.ne to body exis, feet . . « . < « . . . . 0
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TABLE XII.- GEOMETRIC CHARACTERISTICS AND WIND-TURNEL DATA
FOR A PLANE l1-50 SWEPTBACK WING OF ASPECT RATIO 2 WITH

3-PERCENT~-THICK ROUNDED-NOSE SECTION - Concluded

(b) Data obtained in Ames 6- by 6-fcoot supersonic wind tunnel

GRNEEPENT AL

clo[owfom fofon]opfoa fafo [on]om faTon] wfean Jeolow] owlca [a] o] o o
H=0.61  Rel.9x108 H=0.TL  Rwl.9x20% N=0.8L  Rel.9%10% Rl 520% H=0.93  R=1,9x20¢ K=1.20  Rel.9x10%
-0.27 1-0.023 10,0072 |~0.00: [-0.26 |-0.023}0.0074 | © -0.023 0,0071{ -0.0028-0.27} -0.019]0. -0.002-0.281-0 0.0109| 0.00%
-5 | -,039| 0080} -.cOLY -.5%{ -.033| .0083| -.000 ~a033 . -9 . -009) -.53] -.chs .on18] .co6

.0b8| . -.81} ~.0h3} L0087 | -.002] Qk6 . 1{ -.OhL} . - -.80( -, . 008
-1.03 | -.053] .0093| -.00@ 0% . -.036] . -.007]-1.06] -.082] .0132] .02
-.115} o8| -.om -119] . . -.006{-2.11| -.138] .0172| .0do
-.17% 0186] -.001] =179 00 g; =287 0178 -.00:§-3.15| -.204] .02%2 J"
-.235] ekl .00 245 K -3 -.oma] Lot LoofR-R.19) -.273 03161 .ob3
-.00L] .00T3 oo2 ~OC7! <21 .006] . =001} . [} o134 o
gg J0AT( 076 -.00 018 K :gg 023] .oo7h| -.omf 52! .018] .owayf -.00e
o .023| .COTh} -.001 032 «00Th «033] 0078 -.001] .78] .o3h| .omLiT| ~.00K
1.06( .0k3| .0082 1,06 *.086 00T 1.O7| JOA9} «O0C) 1.0M 043} .OlP1{ -.007
2.13| .lo1] .0106% -.001f 2.1%( .100 011y .22 .108] . 01 2.09] 116 .0158] -.0M8
3.20| .157| .o0nu9f -.00%]| 3.23| 165 0199 . AT . = 00F 1k 1808 021k} -.028
k27| .221) .0213f -.00kf k.29 232 023kl .32 «02k8 -.0050 5.1T] .287] .0208] -.0ho
6.h2] 383 -.0L0] 6.531 .366 <0508} 6.2%] .91} .03} -.068
8,521 .573| .otes| -.026 8.56| .hoB 0895 8.33 sg $0993( -.09%
10.65| .%93| .1138( -.026[l0.69| .620 10.81{ . .2307] -.121
12,71 699 .1605| -.0kifh2.79) a1
14801 77R .2100| -.onofh.BhY 776
16.59] 7803 .24481 -.0082)16.89) .83%
17.60f .783] .2632) -.09:]17.89] .68eT
e M=1.50 Rel.50% Nel.50 Bel.9x20%
26 -0.27|-0.022 [o.0215 -0.21 |-C.022|0.018] 0.003
-.53 -.oa?r .0L1G =53] -,03%| .Q150] 008
=79 - ] -.78] -.0hs] 0152 .0c8
-1.05{ -.050 0126 -1.05] -.0% :%a Q10
-2.0{ -.112 056 2,04 -.20h 0N
-3.1h ..168 .0R0R -3.08] -.1%0f .0e2B] .009
k.13 -.217 0270 -h.10f -.19%] .0287{ .0%
2Ef .003 0116 21 o .0140| =.00%
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T8 030 0120 J73] .023] .ORML| -.008
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1.6 Laz| 200 +ORW 5.09) .173| .0060| ~.0%
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8.% 8,23 . 0658 .17 Rg o -
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12,38 Eg 606 3k 12.27[ .5a8] .1275] -.113
1k, b 1k B .112 k.32 J6L7( . -y
16.50 tg 190 . 2153 -.158N16.37( .706] L2179 -.15
17.43 2T 833 2566 L2416 - 163]17.39] JTR7| 2hX0)-.1%8
40,81 R, 8100 Rsb.8x10% Wel.20  mek.xi0%
~0.29 ~0.30] ~0. 18 o006} -0 ~0.00:4-~0. 3|-0.02510.0129] €.
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-8k -.86] -.0%3 «00B6] -.00%) -.89| -.0N| .0086F -.005F =.BT| . o:.a Q08
-1.12 -1.13) -.098 oog3i -.0041-2.,28| -.063] .0094| -.00k.1.1%] -.0TM .01 0181
-2.22 -2.27] -.121 . -.002f-2.31/ ~.132} 0127 -.002f-2.25] -.1ho{ . 020
-3.32 -3.80] -,185 .83 o -3.45] -.207] .0287[ .o02}-3.35{ -.208| . O3
b -h.52 -.256 .0287) .006{-k.63| -.298] .0300{ .01k -k.48{ -.2682] .0 «Okk
22 .28} 011 oor2f -.002fl .29f .013| .00y -.0c2] .23} .o10f .0i23| -.00@
o Y 0072} -.003| 32 031 w - 56) .030| .0226] -.008
.83 By .ou0 .0080] 0 . RV 0 ™Y | -.00r
1.10 1.13] .05k .0086} -.0014 1.13] .o060! .0087 ~.001] 1.13| .062] .oaho]| -.0M0
2.01 .27 117 L0115} -.0028 2.30) .130f .0123 -.003f 2.22) .12 .0379| -.020
3.3L 3.38] .18 JOLTB{ -.C0%F 3.4%| .20hf .OLBOY -.00T| 3.33| .197| « -.ozx
hAL A3y .25 0266] -.0108 h.60| .2B6[ 0278 -.01%] k.h3| .268] .0322| -.Ohk
6.6 6.79] .50, L0571] -.03% 6.60] .k1k| .OATT| -.0T3
8.82 9.0k} .326] 1010} -.057|
10.99
13.17
L 15.30
s oo Ja e fo o |la
¥=1,30  Beh.Sac® Ml 50 FekoSrc10®
0.0135 [ 0.002 -0.29]-0.017]0.0230 | 0.00@
S0L42 | 008 = -.gﬁ 0136 .005
L0167 | 007 -850 - .01k} .007
013k | .0 1,13} -.058f .0M¥7| .010
20196 | 021 2.20] -.112] .0178| .oR0
028k [ 032 -3.2k] -.166| 0230 .gix
.03 «Ol3 ||k 35 -4.33] -.223| .030k | .043
.0132 | -.003 .23 .010f .0130 [ -.003
20133 | ~.00€ 521 .o0ebl L0132 § -.006
+0: «.008 B0l .038) 0236} -.008
c1hs | o011 1.08] .0%2| .caki]-.on2
L0184 | -.022 2.18) .03 0173 -.00L
+0235 | -.033 E.az «2%9] 0020 | -.032
0317 | -.046 .30| (213{ .0288|-.0h3
JOBhL | -.072) 6.46] 8| .oh80 ] -.066
L6 A2k .o7s2 | -.0B9)
9. 476] L0921 ) -.101
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TABLE XIII.- GEOMETRIC CHARACTERISTICS AND WIND~-TUNNEL DATA
FOR A PLANE TAPERED WING OF ASPECT RATIO 3.1
WITH 3-PERCENT-THICK ROUNDED-NOSE SECTION
. (a) Geometric characteristics

All dimenslons shown In Inches

1642

- i I 24 —___~-‘

0 e ———

<—X—>’
¢
1947 243
5.68 —»
595
1532
fe—————— 46.93
[ = 59.50

ASDECL TBELIO « o = o o o s o s s o o s s o s = s v e s s e e w e s 3.08

Taper ratlo . . . . e O e e T AR
- Arfoll section (stresmise) . . . 3-percent-thick biconvex with elliptical nose
Totel ares, square feet. o« « « v ¢ o o ¢ s o s o0 0. = e o s s s s e 2.825
Mean aercdyramic chord, &, feet . . . . . . e e s s s e e v s e e e e » oGHL
‘DiEedral, degrees . . o o o o e e e s e e e T ¢
Ywist, degrees . . - - - . S T e e e 8 e e w e e es O
e Incidence, deErees « « o o o o o o o o o o o = o v o &> e e s es e s e Q
CAUDEY o = o « = » o o ¢ s o & o o & = s s o & = & P + Mone
Distance, wingreterenceplanetobodyaxls, feet . . v o o - “ s s e v e . [+]

(b) Data obtained in Ames 12-foot pressure wind tunnel

o er cp | Cm a Cr, Cp Cp a cL Cp Cn 1 CL Cp Cn
H=0.25 Re2.1x108 M¥=0.60 Re2. 5108 ¥=0.25 Ruk .6x206 M=0.25 R=8.3x108
[4) 0.010]0.0058]0.001f] -0.01}-0.011|0.0065]-0.00LF © -0,009 [0.0072| O [+) -0.013}0.0079|-0.001
.71 -.ok7| .005s}-.00k] -.71] -.05k} .0076| -.00T}] --7L| -.048] .0059| -.005)f -.T1| ~. .0063| -.00%
4] -.007| .00%5|0 -.0L| -.010] .0067| -.0031 © -.009| .0069] -.002|| 0 -.0:2| .0072| -.002
1.01| . . 006§ 1.0L| .051) . .003[] 1.01] .ous| .ooTk| .oOWj| 2.0l .03T§ .0068 003
2.02| .098| .0089| .oi0fl 2.02{ .113] .0103] .00} 2.02] . 0089 - 2.0L 00Tk} .006
3.02| .1bs| .o0102| .01kf| 3.03] .170| .0132} .oa3ff 3.02| .135f .0113{ .o12|| 3.02] .1kg| .0088} .01
h.03] .212| .0169| .o19f k.ok| .238} .o196f .o17{l k.03| .212} .o162] .oiTif 4.03| . o157] .01k
s.0k{ .265| .02v0| .025)| %.05| .301] .0281| .023| 5.0k 213| 0252 .o2i|| 5.0% 265| o271 .017
6.05| .321| .03%3| .031l] 6.06| .378| .okog| .025(| 6.05| .332( .03%9 026]} 6.05 .328] . .023
8.07| .u58] . .033| 8.08] .m03| .o712| .018[f 8.07| .hh9| .0638] .03} 8.07 1] .065k| .027
10.09| .s91| .1074| .01kl 10.10} .639| .1169| -.010|j 10.10| .597] .1087| .oi3jho.09| .583| .1063| .019
12,21 .702| .1579]~.037H 12.11 57| -.0550 12.11] .708( .1%901 -.036|p2.12| .72L| .1566]| -.03k
1k.22| .772| .192k|-.062]f 1k.11] .TO5| .1905] -. 12| .732| .19%% | -.0T3|| O -.00T| .0OT9} .010

16.12| .723| .2227|-.072| 16.11 2| . -.o79ft 26.11} .7A3[ .2221| -.
18.11| .m12| .2488|-.078|| 18.20| .723| .2539| -.083|| 18.11| .TO8{ .2483| -.078
20.12| .7123) . ~.078|l 20.12] .727| .2849| -.0T9H 20.22| .T3L| .205%| -.08L
22.12| .7159} .3251|-.081|f 22.12| .T78| .33%0| -.090f 22.13| .T9L| .3389| -.083
2h.13] . .3799]-.085} 2k.13| .831} .3915{ -.103% 2k.13| .828| .3898| -.089
» 26.1% | .847| .k309|-.093H 26.18] .87%| .kLBh} -.108f 26.1k| .8%5| .k368| -.093
28,1k} . 47hs|-.098] 28.1k) .900| .501%| -.115f 28.15| .86k| .kT90| -.099
(o] -.010| .005%|0 ¢} -.005] .0079} -.00TH © -.007| .00%2} -.002
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ROUNDED-NOSE SECTION - Continued
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

TABLE XIII.- GEOMETRIC CHARACTERISTICS AND WIND~-TUNNEL DATA FOR A PLANE
TAPERED WING OF ASPECT RATIO 3.1 WITH 3~-PERCENT-THICK
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TABLE XIITI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A PLANE
TAPERED WING OF ASPECT RATIO 3.1 WITH 3-PERCENT-TEHICK

ROUNDED-NOSE SECTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel - Concluded
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TABLE XIV.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A TRIANGULAR WING OF ASPECT RATTIO 2, CAMBERED AND TWISTED
FOR A TRAPEZOIDAL SPAN LOAD DISTRIBUTION
(a) Geometric characteristics

All dimensions shown in inches

unless otherwise noted I
17.00
4
Ty = & =306 RS N I -
r \\‘ [ - ,_.——:
- —
L JERAN z
"
~— /L33 ——l\
2l/2 3400 |
6044
1=76.50

Aspect ratio L 3 [ ] [ 3 * * L] L L] . . . L] L * - - L] - [ ] L * L L] - L3 L2 - L L] * [ d - 2
'Ihper m‘tio [ ] [ ] * L] . 1 [ ] * - . L . L] [ ] [ ] L . L - . . * L] » * . . [ 4 - [ ] [ ] [ ] o
Airfoil section (Stremise) ® & ® ® o & 3 6 & 6 € © ¢ + ¢ o e * & @ ACA 0005"63
Total a.rea., square feet ® 8 6 8 0 P 0 e e s & 8 6 8 s 6 & & © ¢ s e e o ll-.Olll-
Mean aerodynamic chord, &, fe€t . o o o « o o ¢ « ¢ ¢ ¢ ¢ o o « o o o » 1,889
Dihedrﬂ’ degrees L] L] 2 L] . L 2 * - L] o . L] » * L] L L 4 - » - o L ] L] o L] L] L L ] . 0
Twist, GBETEEE ¢ ¢ o « ¢ o o ¢ o « o« o ¢ s ¢ s s ¢ ¢« ¢ s ¢ o o + +» » «» B€e £igl
Incid-enCe, degrees . L] [ d L] * L] L] L L 2 [ 4 L4 . L L] L ] L] * . * * L] L] L] * . . L L ] L] 0
Cmer . * L 3 . . * ® L] L4 L 4 - . L L d L L3 . L] [ 4 L3 L . L] . * * L [ ] [ 3 - . . Bee fig l
Distence, wing reference plene to body axis, feet . + o« o ¢« o o o ¢ o « o » O
Design 1ift coefficient at M=l.53 ¢ ¢ v ¢ ¢ + ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢« o o e s » 0.25
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TRAPEZOTDAL:. SPAN LOAD DISTRIBUTION - Concluded

(b) Data obtained in Ames 6- by.6~foot supersonic wind tunnel

TABLE XIV.- GEOMETRIC CHARACTFRISTICS AND WIND-TUNNEL DATA FOR A
TRIANGULAR WING OF ASPECT RATIO 2, CAMBERED AND TWISTED FOR A
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TABLE XV.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A TRIANGULAR WING OF ASPECT RATIO L4, CAMBERED AND TWISTED

FOR A TRAPEZOIDAI. SPAN IOQAD DISTRIBUTION

(a) Geometric cheracteristics

All dimensions shown in inches
unless otherwise noted

NACA RM A53A30

A 4 )

ABPEC'bratiOQ ¢ o » o o
Taper ratio

Total area, square feet

Mean aerodynemic chord, ¢,

Dihedral.,, degrees
Twist, degrees . « . « &
Incidence, degrees . . .
cmerucloocol-
Distance, wing reference
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TRAPEZOIDAL SPAN LOAD DISTRIBUTION - Concluded

NACA RM A53430

TABLE XV.- GEOMETRIC CHARACTERISTICS AND WIND~TUNNEL DATA FOR A
TRIANGULAR WING OF ASPECT RATIO 4, CAMBERED AND TWISTED FOR A
(b) Data obtained in Ames 12-foot pressure wind tunnel
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TABLE XVI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA
FOR A PILANE TRIANGULAR WING OF ASPECT RATIO 4
WITH NACA 0005-63 SECTION
(a) Geometric characteristics

All dimensions shown in inches
unless otherwise noted

17.00
¥
- = - 4 r=2.17_ - - ?“‘.}—_J_
4 N 4 —
r
t————— ) ——
C—>
le-45°
567"

fe————— /868 ————»l¢———— (700 ——]

- 4538 >

< 1=5413 >
Aspect ratlo . . & ¢ s v bt e h e e ke e e e s e s e e s s e e e e aes . l#
Taper ra&tlo « ¢« v ¢ v ¢ 4 s 4 ¢ o o 4 s s 6 s s e s e s a e 4 s e 6 s s e e s
Airfoil section (strea.mwise) « s s s e 8 e s s s o s e s« + » NACA 0005-63
Totael area, squere feet . . & ¢ ¢« & ¢ o o o 5 « ¢ o« « & " s s s s v s e s s » 2.007
Mean serodynamic chord, G, fEet .+ « & o ¢ o« « o o o 2 o o s « = ¢ o s a o« o« » Ohy
Dihedral, degrees . . . .« & S e e s 2 6 s e s e s e e s e s e e s . e e e s e 0
Twist, dE@rees « ¢ o ¢ o o o s o o o o o 2 o o ¢ s s o o v o o o » T o)
Incidence, Gegrees « « + + o o ¢ s » o o e ¢ 4 e 6 5 e s s e v s e s s e s e . o
Camber « o o « ¢ o o o o o o o o o o s s s s o s o 2 o s s 8 e o o+ e s o . . None
Distance, wing reference pléane to body a.xis, feet e e o s s s s s .« o e .« 0
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NACA 0005-63 SECTION - Concluded

FOR A PLANE TRIANGULAR WING OF ASPECT RATIO 4 WITH

(v) Date obtained in Ames 12-foot pressure wind tunnel

TABLE XVI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA

NACA RM A53A30
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TABLE XVII.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A
3-PERCENT-THICK TRIANGULAR WING OF ASPECT RATIO 2, CAMBERED AND
TWISTED TO APPROXIMATE AN ELLIPTICAL SPAN LOAD DISTRIBUTION
(2) Geometric characteristics

Al dimensions shown in inches
wnless otherwise noled
17.00
X
-452::::2::f—:}’ <306 —
r .~ 4 _____,_.-/
g
n/“l
e /L33
alre 3400
6044
1=76.50
Aspect TatLo « ¢« 4 o o o s 0 s s e 4 e e s s e e s s e e e s 2
Taper TAEIO o ¢ o o o ¢ o 2 2 o ¢ s ¢ s o » o 6 ¢ ¥ o s 2 v oo e . w .o 0
Alrfoil mection (BtreamviBe) . . « « « « » « » s o « ¢ o + o+ » NACA 0003-63
Totel erea, BQUATE TEEL. o « o o s ¢« o o o o« s o s o o s v o 0+ o o o b.OLR
Mean aerodynamic chord, &, feet . . . = o + o ¢ ¢ o o o o s s o s o+ La
Dihedrsl, dEGree®B . « « o + « « ¢ o s ¢ s s s s a s s 0 s a oo o O
'rwist,dagrees..........................SeeFis.3
Incidence, AegrEEB « ¢« « + » o ¢ o o ¢ s o o+ o o & s 8 2 0 2 v e e . [+]
CBEDEY + » « o o o a o o o s 8 s a o s s s o s s =5 ¢ s aes+ SeeFig.3
Distance, wing reference plane to body exis, feet . « ¢« « ¢ ¢ ¢+ ¢« ¢ ¢ ¢« » O
Design 1ift coefficient at M = 1.53 ¢ ¢ v ¢ s 0 s &0 0 6 0 ¢ 0o 2 a0 0.28

(b) Data obtained in Ames 12-foot pressure wind tunnel

< | cL l cJD I cn b l cI: I cD l cm & l cL I cD cm bt I c’I. | CD I cn
M=0.25 __ Ral.9x10% M=0.60 _ Rul.9x109 Mo0.25  Reg.3x10° M=0.25 _ R=16.6x10%
0.011-0.0%3]0.0079]0.010 || -0.01 [-0-04k[0.0120[0.011 [[-0.01 |-0.Ok}0.01110.010 {{-0.01 -0.013]0.0112{0.010
-.72| -.078} .oma7} .oak|f -.72| -.078| .0137| .0L3}| -.72] -.0T3| .0127 ok |} -.77t -.078| .0129) .01k
-.00| -.ok3| .0099| .oxofl -.o1| -.osk| .o120] .02 |f -.01| -.0k3} .OlL1} .010 } -.02 -.0h6| .o111} .00
1.00| .006} .0080| .ocok|l 1.00] 0 orok| .00k 1.00 .0098| .ook [} 1.00] .00l .0099| .00k
2.01} .039| .00Th{-.00L| 2.01] -Obkf . -.002f} 2.01| .oko| .c092}-.00L |} 2.01; .039} .0093}-.00L
3.02| .082| .0087(-.007| 3.02| .086| .0105 -.oog 3.02| .080| .0096|=.007 || 3.02| .OTT| .0096]-.007
B.03| .122| .o102{-.012|f k.03| .124| .0u19}-. h.03] .19| .c109{-.012 |f k.03 .112{ .o2oki-.0L1
s.0k| .1%g .o127|-.027f 5.0k| -162] .0139}-.020( 5.0k 156 .0130]-.01T || %.0h{ .1NT| .0123)-.0.
6.05| .200| .0163|-.022)) 6.05] .203] .0LTH -.026 |l 6.05! .191] .01%8}-.021 || 6.03} .184| .01h8|-.021
8.07| .2Th| .0245|-.032|) 8.0T| - R -.036Jf 8.0T| - o2e9l-.031 || B.07] .256] .0215(-.031
10.10} 372 - -.046(}10.10 382 .oh96}-.052[{20.09] .3 .okig|-.0k5 1110.09 343} .0377|-.0h2
12,12} .héu| .o7he|-.056[[12.13| .kgof .08u3[-.ofhjl12.12} B! 0721]-. 12.12] . . -.055
14.15] .554| .1100{-.063 [ 1k.16] .392| .1258f-.072|f1h.13 5%56| .1105|-.06% [|2k.1%] .539] .1 -.063
16.17] .656] .1569]-.073[[26.18] .696] .1Thé| -.082[t16.171 .660] .156T1-.075 ||16.17| .628| .1h63}-.072
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-.01f -.043] .0050| .010 -.01| -.0k2} .0212} .0l0
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2

SPAN LOAD DISTRIBUTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersgonic wind tunnel

- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA

-PERCENT-THICK TRTANGULAR WING OF ASPECT RATIO 2
CAMBERED AND TWISTED TO APPROXIMATE AN ELLIPTICAL

TABLE XVIT,.
FOR A 3

NACA RM A53A30

O TE I e

nmmm@mwmmwmmMmmmmm

J5430eEREAE

ammmmmmmmmmmmmmmmm

-O

NN
l.-e.oa.o‘

G889A092488 I9RRASS
14 Jn-l?Bl’Sﬂmnuml

il 2 AR 123565m

yaineagatbaneaaang]

0

mmmmwmmmwmwmm

Ra3.0x10*

mmmmwmmwmmmmmwmmmm

0.

ST LR

c]l gle Jau

N=1.53

mmmmnmmawmmumzunuu
Agpde i Adaiads gl

L AG R D L

mnmausmauuanynx

mmmmmmwummwmw

TSR OTE

mmmmmMmummw ]

mmmmnmmmmmmmmwm

eriva

mmmmmmwuwmmmw

e la [g ja
n-.l..an n-s.ox.m'

889798445399457
143*4 ] lai’samn

mauﬁaam YEURIRG

2344.121"659

clolola

u-o.g::. x-a.oa.n‘_ _

441053 oaae

EEESEELERTH

kL EEEREELE

1434-}.123)4555

s oo ju
u-o.sx n-s.od.o‘

SN

mmmﬂ@wmm@mmmmmmmma

mmmmmmwmmmmmmmmmwm

Maﬂwu@m EELEYINCS Wumn

anmammmmsu»asa

LT ILSL-)GB"_

e o Jop Jo
o0, R=3 i

EEE] mwmmmmmmmmmmmmM

mm%m%mmm%

aynum uawnuamxua.
g




% SO R R NACA RM A53430

TABLE XVIII.- GEOMETRIC CHARACTERISTICS AND WIND~-TUNNEL DATA FOR A
5~-PERCENT-THICK TRIANGULAR WING OF ASPECT RATIO 2, CAMBERED AND
TWISTED TO APPROXIMATE AN ELLIPTICAI, SPAN LOAD DISTRIBUTION
(a) Geometric characteristics

All dimensions shown in inches
unless otherwise noled l
17.00
[
e ————
¥ " 5'3“ I ‘—~._._
. ; ; — —
e Y GJ‘ZZ‘\ I
s
re— 33
F-774 3400
6044
127650
Aspect TBEIO o o 4 o ¢ o ¢ 5 ¢ 6 6 o o 0 s 8 s s e s s s 8 s s a e e e e e e e 2
Taper TAELO o o ¢ ¢ o o o ¢ 6 o o 6 6 0 ¢ 6 o s 6 0 s s e e s e e 0 e e e s
Airfoilsection(streamise)......................MQA0005-63
Total aref, SQUATE FEET o o o o & o « o « o « 4 o o s o o 0 0 0 o0 ¢ 0 o+ hOLE
Meen aerodynsmic chord, G, £eet .« o o« o o ¢ o o s o o o o o s s 0o 0 s 0o o 1889
Dihedral, GREYEEB « o o « o « ¢ ¢ o ¢ ¢ o o ¢ o o » o s o ¢ o 5 ¢ s a s o a o (o}
Twist,dasrees..............................seeﬁ.g3
Incldence, degTeeS . o ¢ ¢ ¢ ¢ ¢ o o o ¢ o a s ¢ ¢ o ¢ 2 8 6 8 ¢ 8 s a 0 0 8 0 8
Canber.:........ [P ................seeﬂgs
Distance,wingreferencepleneto‘bodya.xis,ree'b “ o s s s 6 6 s e s s e e e
Design 1ift coefficient at M=mleD3 & o ¢ ¢ « ¢ ¢ o ¢ o v o 0 ¢ s 0 0 ¢« ¢ o » 025

(b) Data obtained in Ames 12-foot pressure wind tunnel

@ 1% % fC e [C O |Ca fl @ o [C |G fl afc |[c o

M=0.2%  Rek.9x10% M=0.60 R=4.9x10°® M=0.25 ~ Rw9.3x10% M=0.25  Rwl6.6x10°

=0.01 [~0.03610.009210.009 [[-0.01 |-0.039 [0.0107 }0.010 | -0.01 [-0.036 Jo.0102{0.009 || ~0.01| -0.037 [0.0096|0. 009
-.68] -.066( 0103 .013 § -.62[ -.072| .008L| -015 || -.68) -.068| .o119] .01k || -.72| -.087| .0108| .023
=.01} -.036} .0086} .009 (| =.0L( -.039} .0108] .010 [f -.01 -.035| .00k} .009 || -.01} -.039| .0095| .009
1.000 - -0065( .00k ff 1,00 .002{ .0093} .003 || 1.00| .003] .0095| .003 (| 1.00| .002{ .0087| .003
2.0L} .039| .0067{-.002 {f 2.01{ .049( .0091|-.00k § 2.01| .okk| .0096/-.002[ 2.0p| .ohk| .0090|-.

3.02} .083) .0085(-.008 | 3.02{ .089( .0096|-.010 | 3.02| .08%| .0106}-.008)] 3.02| .085| .0100 -.oog

k.03 .122) .0106(-.013 | 4.03} .131| .0113|-.016 || k.03 .123| .0116[-.013[ %.03] .115] .o111 -.013
5.0k .160( .0133(-.018 )i 5.05( .165| .0132{-.021) S5.0k| .138{ .0137{-.018} s5.0k| .15%| .0130 -.017
6.05| .199} .0166|-.022 | 6.05| .20k} .0166}-.026 | 6.05f .196| .016k|-.023( &.05| .196 L0154 -.023
8.07| .271| .0248(-.031 || 8.07| .282 .0246}-.036 f B.0T| .269| .0232|-.032| 8.07| .269 .0223(-.032
10.09| .344f .0348[-.041 #10.10| .368 .0371L|-.0B8 §10.09f .341| .0327|-.0k1 || 10.09 345! .0317{-.0k2
12,11} .h27) .0511(-.053 |12.12} 4571 .0591{~.06L [f12.11]| .k26| .oh91|-.053 [l12.11| .h33( .ok82 -.055
hak) 507 L0755(-.065 ffih.a5) .559| .0959[-.076 §ik.13| .507! .0750|-.086 ] 1k.1h S1k| .0T24]|-.06T
16.16 | .601| .1158{-.079 [(16.18| .675| .1h72]-.000 §16.16] .606| .1176}-.079 || 16.16 .615| .1155|-.081
18.19| . .16951-.089 {118.20 | .768( .2077}-.099 [[18.19 .70| .1727[-.002)l18.29] .731 1762} «.096
20,21 ( 799} .2297-.104 }20.23 | .876( .2758|-.107 | 20.22) .82k .239l{-.107 [|20.22] .833( .2359|-.107
22,24 | .905| .2998|~.116 [| 22.26 | .967| .3460{-.121 f22.2%| .915] .30h1|-.128 21.53] .88k| .2725]-.114
24,26 . «3716|-~.123 || 24.28 | 1.059 | .42k8}-.134 §2k.27] 2.008| .3795}-.127]] -.0l| -.037! .0102| .008
26.28 | 1.071| 4512 -.:Lga 26.29| 1.089} .4586|-.136

28.31] 1.160| .5415(-. 28.311 1.183| .5555|-.1hk

29.62 1 1.199| .5950 [~. 1k 30.03| 1.248( .6376]-.150

-.01| -.038] .009%| .010 -~.01} -.036| .0093| .009
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NACA RM A53A30

TABLE XVIIX.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A
5~PERCENT-THICK TRIANGULAR WING OF ASPECT RATIO 2, CAMBERED
AND TWISTED TO APPROXIMATE AN ELLIPTICAL SPAN
LOAD DISTRIBUTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel
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TABLE XIX.~ GECMETRIC CHARACTERISTICS AND WIND-TUNNEL
DATA FCR THE BODY ALONE
(a) Geometric characteristics

All dimensions shown in inches

|o————o Moment center 29.66 ———»|

= N - - _ TNl
_<f‘ h=2.38 -.-—-:_——f.-_’ —

X

—bx46.93
1=59.50

Actual fineness ratio (b&sed on leng‘bh b) ® & & ¢ o6 & ¢ o & s s @ 9-86
Fineness ratio (based on length l) ¢ & & o o 6 4« & & & s 6 s s & 12.5
Cross-sectlon ShaDE o o « « o s s o ¢ ¢ o s s« s « ¢ o o o « » Circular
Maximum cross-sectional aeres, square Feet .+ o « o o o o o « o o 0.1235
Ratio at maximum cross-sectionsl area of body to area of

wings used in conJunction With DOIY o ¢ « « « o o o « o o « o 0.0509
Distance to the moment center from nose, feet . o o o o o « o o 2.471
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TABLE XIX.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL
DATA FOR THE BODY AIONE - Concluded
(b) Date obtained in Ames 6- by 6-foot supersonic wind tunnel
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NOTE: Coefficients are based on an area of 2.425 square feet and a
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TABLE XX.- COORDINATES OF 3-PERCENT-THICK ROUND-NOSE SECTION

X ¥y
Percent c Percent ¢
0 0

1.25 -333
2.5 468

) .653
7.5 . 790
10 «900
15 1.071
20 1.200
30 1.375
ko 1.469
50 1.500
60 1.hho
70 1.260
80 .960
85 .T65
90 540
95 .285

100 0
L. E. radius: 0.045 percent c
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Figure |.— The spanwise load distribution and mean surface
for the triangular wing of aspect ratio 2 cambered and
Iwisted for a frapezoidal/ spanwise load distribution.

. Design lift coefficientl, 0.25; design Mach number, 1.53.
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1.0

Figure 2.— The semispan load distributions corresponding to
various values of n in comparison with an elliptical load

distribution.
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.Figure 3.—The mean-surface shape for the triangular wing of
aspec! ratio 2 cambered and twisted for a nearly ellipti-
cal spanwise load distribution. Design lift coefficient, 0.25;
design Mach number, 1.53.
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Figure 4.— The lift-curve slope for triangular and rectan-
gular wings from several theoretical methods.
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Figure 5.— The center of pressure for ftriangular and rec-
tangular wings from several theoretical methods.
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Figure 6.— The ratio of the inclinaltion of the lift-force
vector from the normal to the wing surface to the
angle of altack as delermined by theory.
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